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ERRATA SHEET 
1. Tables 8-15 and 8-16 are incorrect. Ignore, they will be 
replaced in a subsequent errata. 
Note in explanation: Runs 11 and 12 were initially performed 
at incorrect flow rates. The tests were repeated and are 
designated llR arid 12R. 
2. Tables 8-9, 8-10, and 8-11 are incorrect. · Ignore. 
3. 
Note in explanation: Runs 6, 7 and 8 were initially performed 
at incorrect wind speeds. The tests were repeated and are 
designated 6R, 7R, and SR. 
Table 8-1 to 8-26. 
whereas in Figures 
All 1/400 scale models utilize a 
z f = 129 feet. re 
All 1/106 scale models utilize 
All 1/200 scale models utilize 
= 5.3 feet. 
= 25 feet. 
= 33 feet 
4. Figures 23-lb. Eliminate. 
5. Figures 25 to 36, Table 8, and Figures 23-1 to -4 and 24-1 to -2. 
All co2 data must be corrected to reflect fact that the number 
of moles of natural gas released at the cold field conditions 
exceed number of moles released during isothermal model tests. 
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Tests were conducted in the Meteorological Wind Tunnel and the 
Industrial Wind Tunnel Facilities to evaluate the rate of dispersion 
and extent of downwind hazards associated with the rupture of large 
liquid natural gas cryogenic storage tanks. These tests were conducted 
on two different dike storage areas, varying in scale from 1:400 to 
1:200. In addition, approximate conditions under which the Capistrano 
Test 044 (1/106 scale) occurred were simulated to provide a direct 
validation of wind tunnel to field measurements. Two different 
model release gases were used to simulate the behavior of the cold 
methane plume. 0 One was a gas of molecular weight 44 at 70 F and the 
other was a gas of molecular weight 16 at -260°F. Concentration and 
temperature measurements, and photographic records were obtained for 
different wind speeds, wind directions a~d boiloff rates under both 
neutral and stable density stratification. On the basis of the experi-
mental measurements reported herein, the following comments may be made: 
1. The magnitudes and time variation of Case I Capistrano Test 
044 concentrations substantially agree with the behavior of the field 
measurements at most tested locations. The wind tunnel results follow 
the mean dilution behavior of the LNG plume, but they do not exhibit 
the large and intermittent concentration peaks at late times observed 
in the field. This is attributed to the absence of plume meandering 
and gustiness in the laboratory. 
2. Bimodal plume distributions reported in earlier measurements 
are once again observed in the ground concentration contours. Variation 
of the peak concentrations found at a given distance are generally 
i 
slightly less than that suggested by equival ent Pasquill Diffusion 
Category results. 
3. Distances to the lower flammability limit (LFL) are slightly 
greater for the Low Dike model than those observed for t he High 
Dike model under similar meteorological condi tions. If the boiloff 
rates for both models were the same the differences mi ght be even 
more pronounced. 
4. Boiloff rates associated with concrete or insulated concret e 
floors and walls in the High Dike considerabl y reduced the hazard 
zone or distance to LFL. 
5. Visualizat ion of the transient boiloff phenomena suggest t hat 
continuous releases should represent an upper bound to the trans ient 
phenomenon. Unfortunately possible systematic errors between the gas 
chromatograph and the aspirated hot-wire anemometer probe may preclude 
any quantitative statement in certain cases. 
6. Continuous r eleases made from 1/200 scale models of the High 
Dike utilizing co2 result in concentrations whi ch agree well with 
earlier Freon-Air release simulations. These measurements generally 
exceed values taken behind the 1/400 models under equivalent situations 
by a factor of two. This suggests a significant influence of the 
tunnel side walls persists in the 1/200 scale models. 
7. The dimensionless concentration coefficient 
a function of non-dimensional downwind distance x/H. 
U _H2/Q is ~ax rer -
Results for both 
High and Low Dike, neutral and stable flows, and insulated versus 
ii 
conducting floor surfaces for the continuous releases studied 
generally decay similar to Pasquill Diffusion Category C-D. 
8. No consistent influence of the insulated versus the conducting 
floor condition could be identified during continuous releases of 
He-N2 model gas. The effects are thus judged to be small. 
9. Visualization results suggest that heat transfer to an 
uncoolea dike model are excessive in the laboratory. No visible 
plume «<:curs when He-N2 releases are made with plastic or room 
temperature steel models. 
10. Visualization of the influence of a ramp slope of 1/50 
on a continuous boiloff rate from a model dike indicates slope of 
this magnitude may cause significant plume asymmetries, large case to 
case variabilities, and upwind movement of the cloud. 
11. Upwind model tanks tend to intToduce additional turbulence 
which lessen the influence of slope and disperse gases more rapidly. 
12. Plume liftoff experiments with line, area, and point sources 
suggest that dimensionless distance to plume liftoff x/ib is a 
function of a Froude number based on characteristic plume width, i.e., 
P IT3w a Fr = g~pQ- and a buoyancy length scale, 
iii 
= g~pQ 
~b --=3 . 
p u a 
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The objective of this study was to evaluate the r ate of dispersion 
and extent of downwind hazards associated with the rupture of large 
liquid natural gas (LNG) cryogenic storage t~nks. In particular the use 
of diked storage areas to ameliorate the extent of potential damage was 
examined. It is estimated that in the 1980 time period 0.04 trillion 
cubic meters per year of natural gas will be supplied in the form of 
LNG. Thus safety . at LNG facilities is of utmost importance to the gas 
industry and the public . . The hazards associated with LNG release are 
fire and thermal radiation from such fires. If ignition does not occur 
immediately during an accidental LNG release, the boiling LNG produces 
vapors which are mixed with ambient air and transported downwind. This 
cloud is potentially flammable until the atmosphere dilutes the gas 
mixture below the lower flammable limit (LFL) (a local concentration for 
methane below 5 percent by volume) . 
However the ultimate purpose of this study is to provide basic 
information on the structure of vapor plumes resulting from LNG spills on 
land for a realistic range of meteorological variables , source variables 
and site features. · Small scale models of the tank-dike complex were 
placed in a meteorological wind tunnel capable of simulating the 
appropriate meteorological conditions. Mean concentrations of LNG 
vapor were determined by sampling concentrations of tracer gas released 
from the LNG spill with co2 or a cooled He-~ gasmixture to simulate the 
LNG vapor. Overall plume goemetry and behavior were obtained by 
photographing smoke or water vapor condensed by the chilled gas. 
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1 . 1 REVIEW OF PREVIOUS SIMULATI ON EFFORT 
Dispersion of the LNG vapor and t he resu l t ing concentrations ar e 
affected by the followi ng primary factors : 
A. Meteorological variables --wind speed, wind direction , 
t hermal strat i fication, re l at ive humi di t y, and temperat ure 
of the land surfaces relative to temper ature of t he air. 
B. Source characteri stics--geometry of t ank-dike complex, and 
source strengt h (boil-off rate). 
C. Site features-- t opographical features and t hermal properties 
of soil . 
During Phase I research (see Neff, et al . , 1977) on the influence 
of gas and site features on di spersion during an LNG spi ll , it was found 
that ground level concentrations may remai n at l eve l s above the Lower 
Flammability Limit (LPL) for distances 1n excess of 1, 500 meters . These 
tests included high and low tank-dike combinations, neutral and stab ly 
stratified flow fields, and various continuous boiloff r ates. On t he 
basis of experimental measurements reported i n Ne f f , et al. (1977), the 
following conclusions were drawn: 
1) The dimensionless concentration coefficient -2 xuH IQ is 
a function of non-dimensional downwind distance x/H. This 
function suggests an initial decay rate i n the region x/H < 10 
that is less than the decay rate in the region of x/H > 10 , 
and perhaps data should be evaluated in ter ms of a different 
length scale related to buoyancy parameters . 
2) The dimensionless concentrat i on coeffic i ent curves 
asymptotically approach the slope of those gi ven by the appropriate 
Pasquill diffusion category for both neutral and stable flow. 
3) Visualization of similar test s f or the range of model 
scales used (1:130 to 1:666) i ndicate a s imi l ar plume geometry. 
Concentration results of the di fferent model scales agree to 
within the experimental accuracy of approximately + 20%. 
Similarly identical tests also show good agreement. 
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4) The effect of the increased aerodynamic turbulence of 
the High Dike over that of the Low Dike does not appear to 
influence the far downwind dispersion pf methane gas for a 
continuous release. JNote however that one expects the 
boilof f rate of the Low Dike to be greater than that of the 
High Dike) 
5) Modeling of an adiabatic plume in a low humidity 
atmosphe~..e by the use of a F•eon 12;-N2 simulation gas at 70°F tends to ve lower concentrations at the same sampling positions 
than thU of modeling unrestricted plume behavior with the use of 
a He-N2 simulation gas at -260°F. This difference was noted to be as fiigh as 1:6. 
A number of questio"ns were left unresolved by the Part I study, 
these include the effects caused by: 
a) Initial heat transfer to the plume at the tank dike complex, 
,b) Heat transfer to the cold plume from the underlying surface, 
c) Influence of local terrain on plume shape and trajectory, 
d) Variable boiloff rates versus continuous releases at a 
constant rate, and 
e) The influence of model scale compared to full scale spill 
behavior. 
1.2 MEASUREMENT PROGRAM 
Part II measurements will examine the sensitivity of distance to 
LPL for continuous and transient releases to features such as: 
a) Initial heat transfer to the plume at the tank/dike complex, 
b) Heat transfer to the cold plume from the underlying surface, and 
c) Influence of local terrain on plume shape and trajectory. 
The following sections discuss the details of each measurement phase. 
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1.2.1 Heat Transfer Influence on LNG Plume Behavior 
The influence of heat transfer on LNG plume dispersion can be 
divided into three phases. First, the temperature (and hence S. G.) 
of the plume at exit from the dike is dependent on the thermal diffu-
sivity of the tank-dike materials, the volume of the tank-dike structure, 
the actual boiloff rate, and the details of dike geometry. A second 
plume phase involves the heat transfer from the ground surface 
beyond the dike to lower the plume density. A series of tests 
were performed to bound the potential heat transfer to a LNG plume. 
Since earlier measurements indicate that background stratification is 
a predictable characteristic in plume dispersion only a few stable 
stratification conditions are considered. Thirdly, once the plume is 
heated to a buoyant condition .there is still some questions as to 
whether lift off will occur. A separate series of tests were performed 
to permit determination of an appropriate lift off parameter to charac-
terize plume lift off. 
1.2.1.1 Tank/Dike Transient Heat Transfer Study 
Several time scales are involved in this process--i.e., the time 
C L 
scale for heat conduction (t 
c ¥-
-p+ ) , the time scale for heat transfer 
to the LNG gases (t - PJ ), and the time scale of the buoyant plume 
(t - fj-). Matching these ~ime scales simultaneously would require 
analysis of the interior structure of an actual tank complex, specifi-
cation of special materials for mo.del constriction, and model construe -
tion. 
An evaluation of this problem suggests no tank model materials exist 
which will satisfactorily model heat transfer time scales adequately. 
Cases were considered to evaluate sensitivity of the transient plume 
5 
dispersal to tank/dike changes; however there is no guarantee these will 
result in quantitatively similar results to a field case. Rather it is 
expected a bounding influence of different conditions can be determined. 
The influence of dike material on heat transfer was studied by visual-
ization of He-N2 model gases. The appropriate runs are cases 35-42 in 
the test matrix. 
1.2.1.2 Controlled Surface Heat Flux Study 
The trajectory of an LNG plume will be dependent upon the rate of 
entrainment of water vapor andthe rate of heat transfer to the plume 
from the ground surface or the unmixed ambient air. Large addition of 
heat can result in a buoyant LNG gas plume early in its release history. 
Some analysts have suggested this rate is sufficient to cause vertical 
department of the flammable plume from the area. 
Laboratory and field measurements made to date do not seem to 
support a rising plume scenario. Nevertheless, it would be informative 
to determine under what circumstances plume rise may occur. Runs 45-54 
were performed to examine the influence of heat transer from soil surface 
to LNG plume. 
1.2.1.3 Plume Lift Off Experiment 
Whether or not a buoyant plume or puff can lift itself off the 
ground in the presence of turbulent diffusion and wind shear depends 
on how the buoyancy-induced velocities compare with the turbulent 
velocity fluctuations. A criteria suggested by Briggs (1973) for 
lift off is 
LP = gH(~p/p) 
U*2 
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Analytical considerations suggest a value of 2 + 2.5 for a critical 
value. Unfortunately no measurements are available to confirm this 
number. Briggs himself suggests a factor of .!_ 4 accuracy in the number 
he recommends. Order of magnitude calculations for typical LNG release 
conditions suggest that even with large heat transfer to the plume the 
conditions may be marginal for plume lift off for many meteorologically 
typical situations. (A plume where S.G. ~ 0.975, a depth of 2 meters , 
and in a wind field at 4m/ sec would not necessarily rise!.) 
A program was included to evaluate the physics of this lift off 
process. Buoyant gases under point, line, or area release configurations 
at ground level were examined for lift off visually at various wind 
speeds. Plume buoyancy was regulated by changing Helium volumetric 
source strength, and visualization was affected by marking with Tici4 
smoke trace. 
1.2.2 Time Dependent Plume Behavior 
Peak to mean concentration information and transient concentration 
conditions represent an important facet in the evaluation of plume 
flammability limits. Past plume measurements suggest peak/mean ratios 
may vary between 2-10 depending upon the circumstances and location within 
the plume. Because of the scale distortion of time, phenomena occur much 
faster in the laboratory than in the atmospheric prototype. 
u 
in the laboratory varies as t = t ___E_ Lm 
Time scale 
m p L Um p 
determined by Froude number scaling, thus 
Thus Lm 1 for - ~ 400 Lp 
tm ~ n- 1 -= = 400 a tp Lp 20 
, and the velocity scale is 
u = u ILm 
m p Lp 
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Since fluctuations of 0.1 sec are significant in the atmosphere, a response 
to 0.01 sec phenomena is at least required in the laboratory. 
! 
The use of different molecular weight gases suggest the use of thermal 
conductivity type probes (TSI-1440) capable of response to 100 khz. These 
probes are jointly responsive to temperature, plume concentration, and 
humidity to the first order as 
where M is molecular weight and 6T is temperature difference between 
a sample and the sensor wire. Currently Colorado State University staff 
are evaluating the characteristics of a conventional single film TSI-1440 
as well as a two-film design specified by Colorado State University. The 
two-film design has been utilized in an isothermal release situation to 
examine probe characteristics and phenomena variations to bound the 
behavior. 
To validate the instrumentation an 80 foot field spill performed at 
Capistrano as part of the AGA Phase II program has been simulated. 
Capistrano test 044 from American Gas Association (1974) was simulated 
at a 1 to 106 scale. Runs 9,10 and 23,24 include continuous and 
variable boiloff releases for this case. 
A systematic evaluation of the characteristics of boiloff near 
typical High and Low Dike designs at two model scales encompasses 
runs 1 to 8, 11 to 22, and 30 to 33 in the text matrix. These measure-
ments include two wind speeds, two boiloff ratios, two model scales, 
and two stratification conditions in different combinations. 
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TEST MATRIX FOR QUANTITATIVE INSTRUMENTATION EXPERIMENTS 
l I I SlllJLATED I STRATIFICATION . I SIMULATED BOii.OFF RATE I MOOEL CONSTRUCTION ] SURFACE DESCRIPTION MEASUREMENT RUN DIKE** (mph) GIFFORD (OR DESCRIPTION STEEL AWMlNUM WIND SPEED I I 1om1 sec I I ~~INIQU:_ ~. lllGH LOW 7* 126 16* NEUTRAL CAT .G ·llS*C/lOOlll CONTINWUS VARIABLE . IP VARIABLE) PRECOOLED 51'EBL PLASTIC (CONDUCTING) lNSULATEO 
CO, TESTS CONCENTRATI~ 
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1.2.3 Ramp Effects 
Since the LNG plume is buoyancy dominated, surface slope can act to 
either accelerate or decelerate a dense plume lying on that surface. 
Earlier tests performed by Hall, et al. (1975), at Warren Springs Labs, 
U.K., demonstrated that for some Froude number/slope combinations this may 
be an effect of first order. Since the proposed Salton Sea site for a 
fie ld program has slopes up to 1/50, a series of flow visualization tests 
were performed. To isolate the influence of slope, a series of simple 
area source releases were studies as well as releases from the 1/400 
High Dike model both alone and in the presence of dummy upward tank 
structures. 
This report is supplemented by a motion picture (in color) which 
shows the plume behavior for different dike configurations and ramp 
and dummy tank arrangements. Black and white plot sequences for the 
ramp and dummy tank arrangements as well as the plume lift off results 
have been provided R & DA. 
Details of the model and test configurations are presented in 
Section 2.0. In addition experimental equipment are described . 
Section 3.0 discusses the results obtained and their significance . 
1.3 MODELING CRITERIA 
The increasing need to study environmental problems in areas of 
complex boundary conditions has motivated serious efforts to simulate 
atmospheric boundary layers in the laboratory. Successful simulation 
permits both applied and fundamental studies of flows with complex 
boundary conditions on a scope which would be prohibitive in the field 
because large expenditures of time and money would be required. 
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Modeling criteria has been discu$sed in detail in the r eport by 
Neff, et al. (1977), "Wind Tunnel Study of the Negatively Buoyant 
Plume Due to an LNG Spill", Section 2.0. Additional consideration 
during phase II has been given to the constraints imposed by s i mulation 
of heat transfer characteristics of the plume dynamics. 
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2.0 DATA ACQUISITION AND ANALYSIS 
Measurements in wakes require considerable care, both in their 
acquisition and in their interpretation. In this section the methods 
used to make measurements and the techniques used in converting 
directly measured quantities to meaningful physical quanties are 
discussed. Attention is dr8.'t1Il to the limitations in the techniques 
in an attempt to prevent misinterpretation or misunderstanding of the 
results to be presented in the next section. Some of the methods 
used are conventional and need little elaboration. 
2.1 WIND TUNNEL FACILITIES 
The majority of the experiments were performed in the Meteo-
rological Wind Tunnel (MWT) shown in Figure 1. This wind tunnel, 
expecially designed to study atmospheric flow phenomena, incorporates 
special features such as an adjustable ceiling, a rotating turntable, 
temperature controlled boundary walls, and a long test section to 
permit adequate reproduction of micrometeorological behavior. Mean 
wind speeds of 0.2 to 130 ft/sec (0.14 to 90 mi /hr) in the MWT can 
be obtained. Boundary-layer thickness up to four feet can be developed 
"naturally" over the downstream 20 feet of the MWT test section. 
Thermal stratification in the MWT is provided by the heating and cooling 
systems in the section passage and test section floor. The flexible 
test section roof on the MWT is adjustable in height to permit the 
longitudinal pressure gradient to be set at zero . A set of vortex 
generators were installed two feet downwind of the entrance to give 
the simulated boundary layer an initial impulse of growth. From six 
to 40 ft a set of 12 roll-bond aluminum panels were placed on the tunnel 
floor. These panels were connected to the facil ity refrigeration system 
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and cooled to approximately 32°F. From 40 ft to the end of the test 
section a permanently installed set of cooling panels were used to also 
lower the aluminum floor temperature to a level of 32°F. The free 
stream temperature was raised to a level near 115°F as prescribed by the 
Bulk Richardson number. The facility is described in detail by Plate 
and Cermak (1963). 
Visualization experiments associated with the influences of ground 
slope, the wake influence of additional upwind LNG storage tanks, and 
the character of buoyant plume lift off were performed in the Industrial 
Aerodynamics Wind Tunnel (IWT) shown in Figure 2. This wind tunnel 
features an adjustable ceiling, a rotating turntable, and large uninter-
rupted expanses of glass side wal ls which facilitate photography. 
2.2 MODEL CONFIGURATIONS 
Capistrano Test 044 Model 
Test 044 from the Capistrano Series supported by the American Gas 
Association (1974) involved spills into an 80 ft diameter by 1.5 ft high 
dike. This test was modeled utilizing a 1/106 scale circular plenum 
with a porous punched plate upper surface. The plenum diameter was 9.0 
inches, and the plenum was fed by a tube inserted beneath the model 
through the oval tunnel floor. 
Representative High and Low Dike Models 
Two different LNG tank and dike facilities were modeled, one 
entitled the Representative High Dike, the other the Representative Low 
Dike. The drawings indicating full -sca l e dimensions were supplied by 
R & D Associates and are presented as Figure 5. For both the High and 
Low Dikes two different model scales were made--1:400 and 1:200. The 
1:200 scale models were constructed from lucite and styrofoam. At the 
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1:400 scale, t wo High Dike models were made, one of plast i c and one of 
steel. These two steel models were made in the form of liquid nitrogen 
reservoirs so that a r elease gas of helium and nitrogen at -260°F would 
not be preheated during fl ow wit hin the model. Figure 6 shows a schem-
atic of the construction of these models. 
Terrain and Dummy Tank Models 
A false floor with a rising slope of 1 to 50 was constructed to 
insert into the IWf. Thi s floor shown in Figure 7 was i nserted. 30 feet 
from the tunnel entrance and extended 24 ft downwind. The 1/400 Repre-
sentive High Dike Model and the 1/106 Capistrano Area Series were placed 
on the sloping floor - s.s f eet f rom its inception . 
Dummy tanks were construct ed from styrofoam at t he 1/ 400 scale High 
Dike dimensions. These were placed 2 to 3 di ke diameters upwind of the 
model High Dike to evaluate wake infl uence on the continuous LNG spill 
conditions. 
Line, Area and Point Source Models 
Figure 8 reviews the dimensions and locations of representat i ve 
line, area and point sources installed in the I WT dummy plume lift off 
visualization. 
Reference velocity measurements were made at a one foot he ight. 
Typical velocity profiles have a power law i ndex n~ .1s. 
2.3 FLOW VISUALIZATION TECHNIQUES 
Smoke was used to define plume behavior over the LNG Faci l i ty. The 
smoke was produced by passing the s i mulat i on gas mixture t hrough a con-
tainer of titanium tetrachloride located out side the wind tunnel and 
transported through the tunnel wall by means of a tygon tube terminat ing 
at the dike inlet within the model. The plume was illuminated with arc-
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lamp beams. A visible record was obtained by means of pictures taken 
with a Speed Graphic camera utilizing Polaroid film for immediate exam-
ination. Additional still pictures were obtained with a Hasselblad 
camera. Stills were taken with camera speeds of approximately one 
second. A series of color motion pictures were also taken with a Bolex 
motion picture camera mounted on a movable dolly which was traversed 
the length of the tunnel parallel to the plume trajectory at the average 
wind speed. A film log of the scenes recorded on 16mm film is included 
as Table 3. 
2.4 WIND PROFILES AND TEMPERATURE MEASUREMENTS 
A Datametrics Series 800-L Linear Flow Anemometer was utilized to 
measure the upstream velocity profiles in both the neutrally and stably 
stratified flow fields. This instrument is accurate to within two percent 
of its reading. Measurements of temperature were made with a miniature 
thermistor (Fennal glass coated bead) system constructed by Yellowsprings 
Corp. (YSI Model 42 SC). 
All the concentration and visualization experiments were carried 
out over the range of conditions shown in Table 2. For the neutral flow 
situation a velocity profile similar to that shown in Figure 9 was ob-
tained. This profile may be approximated by the relation 
U(z) = (-z-) 0.12 
u z ref ref 
where z f and U f for the prototype conditions are re re 
presented with the profile in Figure 9. For the stable flow situation 
a velocity and temperature profile similar to that shown in Figure 10 
was obtained. This velocity profile may be approximated by the relation 
~(z) .= (~-z-) 0 · 4 . The Bulk Richardson number for stable flow was 0.67. 
ref zref 
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2.5 MEASUREMENT TECHNIQUE FOR CONTINUOUS BOILOFF SIMULATION 
Two different simulation gases were premixed and stored in large 
high pressure tanks. One was pure carbon dioxide, C02 , which was 
released at room temperature. The other was a mixture of 50% helium 
and 50% nitrogen which was precooled in a liquid-nitrogen filled heat 
exchanger and released at -260°F. These two gas mixtures had molecular 
weights of 44 and 16 respectively. Depending upon the test being under-
taken, one of these gas mixtures was allowed to flow from the model, 
simulating the exit flow rate and buoyancy effects due to the density 
difference between LNG vapor and the ambient atmosphere. This gas was 
metered by Fischer-Porter precision flow rators which were adjusted for 
pressure, temperature, and molecular weight effects as necessary. 
Figure 11 contains an outline of the two different gas release systems. 
For all of the tests involving continuous release concentration 
data the release gas flow rates were held at different constant values 
selected from the time history of the full scale boiloff rate curves. 
Magnitudes simulated are indicated in the Summary of Concentration 
Tests, Table 4. 
2.5.1 Gas Concentration Measurements 
After the flow in the tunnel was stabilized, the appropriate 
model gas was released from the model dikes at the required rate. 
Samples of air were withdrawn from the sample points isokinetically and 
analyzed. The flow rate of the model gas mixture was controlled by a 
pressure regulator at the supply cylinder outlet and monitored by a 
Fischer and Porter precision flow meter. The sampling and detection 
systems are shown in Figure 11. 
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Samples were analyzed by use of a Model 8500 Carle Gas Chromato-
graph with a thermal conductivity cell sensor. 
The procedure for analyzing the samples was as follows: 
1) 2 cc volumes of the source gas, tunnel background air, and 
sample gases from within the plume were introduced into the 
thermal conductivity cell of the Model 8500 Carle Gas 
Chromatograph individually. 
2) The output from the heated thermister was integrated for each 
of these gases and the readings in volt-seconds were recorded. 
3) The correction for background level was performed on the 
sample gases. (volt-sec sample) t d = (volt-sec sample) -correc e 
(volt-sec background) 
4) The percentage of source gas remaining at each sample point 
is expressed as percent methane. 
(% methane) = 
(volt-sec sample) t dx(lOO) correc e 
(volt-sec source) 
5) The dimensionless concentration parameter CxurefL2 /Qm was 
calculated for each sampling point knowing that 
x = (% methane) + 100 
IT = mean speed of wind at reference height ref 
L = reference length (either tank height H or reference height 
subscript m = under model conditions 
6) Since the dimensionless concentration parameters are equivalent 
between model and prototype, one may calculate percent methane 
at points in the field under any condition with an equivalent 
Froude number, density ratio, and dimensionless source ratio 
and similar approach velocity and Richardson number profiles. 
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For example, say that a boiloff of 944.6 lbm/sec of methane 
under a mean wind speed of 22 ft/sec over a tank height of 
129 ft is of interest. Then for a point where 
xu _H2 
( ret-- ) 
Q m = 1. O; ~ 
944.6 = .1047 = 9021 ft 3/sec, and where 
PcH gas @ -260°F = .1047lbm/ft 3. 
4 
%methane = 100 x p 
9021 = 1.0 x 22(129)2 x 100 = 2.5. 
2.5.2 Errors in Concentration Measurement 
The reference state for the thermal conductivity detector is 
established by a constant carrier gas flow. At this baseline level the i 
output from the detector was set at zero. When a sample passes through 
the detector the output from the detector rises to a level proportional 
to the amount of tracer gas flowing through · the detector. Since the 
chromatograph used features a temperature control there is very low 
drift. The integrator circuit is designed for linear response over the 
range considered. A total system error can be evaluated by considering 
the standard deviation found for a set of measurements where a precali-
brated gas mixture is monitored. For an appropriate calibration gas 
(helium or carbon dioxide) the average standard deviation from the 
integrator was five percent. 
Since the source gas was premixed to the appropriate molecular 
weight and repetitive measurements were made of its source strength 
the confidence in source strength concentration is similar. The flow 
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rate of the source gas was monitored by Fischer-Porter Flowrneters which 
are expected to be accurate to ± two percent including calibration and 
scale fraction error. The wind tunnel velocity was constant to ± 20 
percent at such low settings. Hence the cumulative confidence in the 
measured values of xUH2 /Q will be a standard deviation of about ± 20 
percent, whereas the worst cumulative scenario suggests an error of no 
more than ± 30 percent. 
The lower limit of measurement is imposed by the instrument sensi-
tivity and the background concentrations of tracer gas in the air within 
the wind tunnel. Background concentrations were measured and subtracted 
from all measurements quoted herein; however, a lower limit of -5-10 ppm 
of the source gas is unavoidable as a result of background CO of He levels 
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plus previous model gas releases. An upper limit with the instrument used 
does not exist; however, long chromatograph columns are necessary to 
avoid overwhelming the detector when concent rations are very high. 
2.6 MEASUREMENT TECHNIQUE FOR VARIABLE BOILOFF SIMULATION 
To obtain an accurate prediction of the extent of hazard associated 
with the vaporization of liquefied natural gas spill the model should 
simulate the variable boiloff rate or the gaseous methane characteristic 
to that of a given spill configuration. For the model simulations performed 
in the present study R & D Associates provided the desired characteristic 
boiloff rate curves for the models test ed. These boiloff curves for the 
prototype situation along with the actual model gas release rates 
measured by a Datametrics Series 1000 Mass Flow Transducer are presented 
in Figures 12-17. These gas flow rate curves with time were obtained 
by the use of a programmed cam to close a micrometer needle valve 
controlling the flow of simulation gas at a predetermined rate. 
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Figure 18 shows a s chemat i c of t hi s valve arrangement and the location 
of the mass flow transducer used t o measure the resultant flow rate vs. 
time. 
2.6.1 Gas Concentration Measurements 
As a result of this time dependent re lease of s imul ation gas 
(C02 for all tests performed), concentration measurements at t est 
points downwind of the spill site mus t be t aken on a real t ime bas i s. 
It was necessary to have a high frequen cy r esponse to concentration 
so that peaks ·of methane concentrations above 5% (the lower flammability 
limit of methane in 'air, LFL ) would be detected. To satisfy these 
requirements an aspirating dual film probe was designed for use with 
this study. 
The bas~c principles governing the behavior of such a probe have 
been previou~ly discussed by Blackshear and Fingerson (1962), Brown and 
Rebollo (1972), and Kuretsky (1967) . A diagram of the design of t hi s 
probe is presented in Figure 19. 
A vacuum source sufficient to choke the flow through the smal l 
o ifice just d ~~wind of the 1 sensing elements was applied. One film 
was operated in a constant temperature mode at a temperatur e above 
that of the ambient air temperature. This was accomplished by a 
feedback amplifier which maintained a constant resistance through 
adjustment of the heating curren _. A change in output voltage from 
this sensor circuit corresponds to a change in heat transfer be t ween 
the hot-wire and the sampling environment. 
The heat transfer rate from a hot cylindrical film to a gas 
flowing over it depends upon the film diameter, the temperature 
difference between the film and the gas, the thermal conductivity 
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and viscosity of the gas, and the gas velocity . For a film in an 
aspirated probe with a sonic throat, the gas velocity can be expressed 
as a function of the ratio of the probe cross - sectional area at the 
film position to the area at the throat, and the specific heat ratio 
and velocity of sound in the gas. The latter two parameters, as 
well as the thermal conductivity and viscosity of the gas mentioned 
earlier, are determined by the gas composition and temperature. Hence, 
for a fixed probe geometry and film temperature, the heat transfer rate, 
or the related voltage drop across the film, is a function only of 
the gas composition and temperature. 
Figure 21 shows the measured variation of the voltage drop 
with percentage of co2 in a co2-air mixture, for a typical mixture 
temperature and four different values of the film temperature. For 
an overheat ratio of 1.23, the voltage drop varies essentially 
linearly with the co2 concentration, so this particular overheat 
ratio was used in the wind tunnel measurements. 
The voltage drop of the hot film also depends upon the ambient 
gas temperature. In the tests involving a stable (thermally 
stratified) atmospheric boundary layer; the gas temperature varied 
over several degrees, and this produced an additional voltage 
variation which was essentially linear with temperature (Figure 20). 
To compensate for this variation, the second film in the probe was 
operated as a resistance thermometer by passing a very small constant 
current through it. The resulting voltage dr op varied linearly with 
the gas temperature, as shown in Figure 20 and was independent of gas 
composition. This voltage was electronically amplified by the proper 
factor and subtracted from the voltage of the first film to give a 
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signal which varied linearly with co2 concentration and was independent 
of temperature (within a few percent) over the temperature range of 
the wind tunnel tests. Figure 22 presents a flow chart of the instru-
mentation used to process the signals and record the results. Eleven 
different cases were considered with a variable boiloff. These were 
summarized in Table 4. For each test the different locations where 
instantaneous concentration vs. time plots were obtained are shown in 
Figure 4. For each test position up to five replications were performed. 
2.6.2 Errors in Concentration Measurement 
Without temperature compensation and the flared fitting attached 
to the front of the probe to reduce pressure fluctuations (Figure 19) 
the noise and baseline drift detected were so severe concentration 
measurements of 5% co2 in air were barely detectable in a wind tunnel 
environment. But with the addition of these two improvements the 
noise level was reduced to 0.1% co2 in air and the maximum baseline 
drift was also about this value. Since the effective sampling area of 
the probe is now greater than the area of the probe inlet and the sensor 
is located 4 in. from the probe inlet the fine structure of concentration 
variation may be partially erased. The limiting factor for the upper 
frequency response of the actual concentration signal is that of the 
travel time from the sensor to the sonic choke. At high frequencies 
the correlation between concentration fluctuation and velocity fluctuations 
(velocity fluctuations are a result of the changes of sonic velocity 
with concentration) at the sensor begin to decline. With the probe used 
an upper frequency response of 1000 Hz would be a fair estimate. 
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It is difficult to estimate the maxi mum poss ible err or in these 
measurements due to the involved relat i on between temperature and con-
centration responses of the sensor. Cons i dering the errors involved 
in thermal compensation and the accuracy of the concentration standard 
used, one might estimate a maximum error of about 3.5% of the reading 
for above 4% co2 and +0.15% for readings less than 4% co2. 
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3.0 TEST PROGRAM RESULTS 
The test program consisted of (1) a qualitative study of the flow 
field around the different tank and dike facilities by visual observation 
of the plume released from a model area; and (2) a quantitative study of 
gas concentrations produced by the release of a tracer from the model 
area. The test conditions are summarized in Table 4 and the test matrix 
in Section 1.2. Both of these qualitative and quantitative studies were 
performed with two different mod-t~1 simulation gases. One was Carbon 
Dioxide at 70°F to model the characteristics of an adiabatic plume in a 
low humidity atmosphere. The other was a Helium-Nitrogen gas mixture 
at -260°F to model plume behavior without placing the above restrictions 
on heat transfer rate and atmospheric conditions. For a more complete 
description of simulation gas characteristics refer to Sections 2.5 
and 2.6. 
Downwind distances refer to lengths converted from model to 
prototype as measured from the center of the respective model. Unless 
otherwise noted, the term wind velocity refers to the velocity in the 
approach stream at a reference height of 10 meters for the High and Low 
Dike Tests and 5 feet for the Capistrano 044 tests. A velocity at any 
reference height is available by referring to the appropriate velocity 
profile (Figures 9-10). 
3.1 CONTINUOUS BOILOFF RELEASE CASES 
Turbulent diffusion of a simulated LNG plume for three different 
LNG tank and dike complexes, two model gas mixtures, two atmospheric 
stratifications, two scale ratios, and a number of wind speed and boil-
off rate combinations were studied in Runs 1- 12 and 45-54. Mean 
concentration measurements were obtained for as many as 23 different 
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sample points distributed over a ground level zone up to 900 feet wide 
and from 160 to 6500 feet long and in the vertical over a height of 0 
to 200 feet. A representative layout of the gri ds used is shown in 
Figure 3. One is referred to Table 8 and the locator table provided 
for the specific location of each sampling point for the tests performed. 
All concentration data has been placed into the forms of 
and x x 100 in Table 8. x represents a normalized 
concentration or dilution observed at a sample point, Q is a volumetric 
boiloff rate, u f is the mean wind speed measured at z f' An explana-re re 
tion of how these values are obtained and how to use them is given in 
Section 2.5.1. The ranges of the various scaling parameters and test 
conditions are summarized in Tables 1 and 2 for prototype and model, 
respectively. For the specific test conditions for each test performed 
one is referred to in Table 4. 
3.1.1. Behavior of C02 Model Gas Simulation 
Continuous releases made from 1/200 scale models of the representative 
high dike utilizing co2 result in concentrations which agree well 
with earlier Freon-12-N2 simulations performed by Neff, et al. (1976). 
Dilutions measured during Run 11 of the present report at a boiloff 
rate in = 250 lbm/sec fall between Runs 19 and 30 of the earlier report 
where m = 420 lbm/sec and m = 160 lbm/sec, respectively. Similarly, 
results from Run llR of this report at m = 1400 lbm/sec fall between 
measurements of Runs 9 and 19 where m = 2400 lbm/sec and m = 420 lbm/sec 
respectively. These measurements generally exceed values taken behind 
the 1/400 models under equivalent situations up to a factor of two. 
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Since in the earlier study by Neff, et al. (1976) Run 1 therin at 1/200 
scale and Run 101 at 1/500 scale displayed a similar trend the more 
recent results suggest a continued significant influence of the tunnel 
side walls persists for 1/200 scale models. 
In order to obtain a comparable characteristic curve among sites of 
different tests, the test conditions were grouped on the basis of model, 
release gas flow rates, stability, and simulation gas. Figures 23-1 to 
- 2 23-4 present co2 model gas results in terms of x uref H /Q vs. x/H. The 
data do follow trends expected for dispersion in the atmosphere. Values 
fall between or somewhat below Pasquill Diffusion Category C and D. 
In Neff, et al. (1976) stable background stratification tended to 
result in concentration decay rates which approached Pasquill Diffusion 
Category F. In the present results, there is no significant difference 
noticeable between the neutral and stable dispersion cases. Since one 
might expect that a buoyant plume will generate its own entrainment rate 
this seems reasonable. Perhaps the earlier differentiat ion noticed for 
1/200 scale models is again a result of plume blockage. 
3.1.2. Behavior of He-N2 Model Gas Simulation 
Runs 45 to 54 concerned tests made to discern the effects of 
surface heat transfer characteristics and stratification on He-N2 
model gas releases from 1/400 scale models of the representative high 
and low dike cases. Figures 23-5 and 23-6 present the He-N2 model gas 
results in terms of x u f H2/Q vs. x/H as before. The data follow re 
similar trends to the C02 release situations. No significant differentia-
tion appears between high and low dike or neutral versus stable 
stratification. 
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No consistent influence of the insulated versus the conducting 
floor conditions could be identified. The effects are thus judged to be 
small. 
3.2 VARIABLE BOILOFF RELEASE RESULTS 
A comparison of model data (Case I) with Capistrano Field data is 
presented in Figures 25 and 26. Curves of mean concentration decay, 
with height for selected downwind sites of the Capistrano Cases, 
Representative High Dike, and Representative Low Dike are presented 
in Figures 27, 28 and 29, respectively. Selected curves of mean concen-
tration decay with distance for the Capistrano Cases and the Representa-
tive High Dike are presented in Figures 30 and 31, respectively. 
Ground contour plots of peak concentration, obtained by visual 
interpolation, for all tests except those with a dike surface of 
insulated concrete are presented in Figures 32, 33 and 34. Observed 
lower flammability limit (LPL = 5 percent) contours as a function of 
time after the spill are presented for a Representative High Dike and 
a Representative Low Dike in Figure 35. Figure 36 presents ground 
contours of the hazard zone (zone in which a peak value of five percent 
was observed) for the High and Low Dikes under the different conditions 
tested. Table 6 presents the maximum distance to the lower flammability 
limit for all the tests performed. Tables 7-1 to 7-11 summarize the 
maximum peak concentration value observed in each test and the maximum 
peak at different times observed in each test. 
3.2.1. Comparison of Capistrano 044 Field Data with Model Test Data 
The model Capistrano Case I test yield consistently higher concen-
trations than that of Case II test, which is to be expected since it describes 
a higher boiloff rate. In a comparison of the mean behavior of these model 
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tests to those of the Capistrano 044 Field test , the Case II model 
results always yield lower concentrations than those observed in the 
field. When a comparison is made between model Case I and the field, 
the time and magnitude of highest concentrations observed at most of 
the test locations is in good agreement. Figures 25 and 26 display the 
dilution time history of the model Case I and the field situation super-
imposed upon each other for the test positions (320', 0', 0') and 
(640', 0', O') respectively. The three differences observed between 
the results are (1) the timing of the plume's arrival at the measurement 
location is not exactly the same, (2) the concentrations in the plumes 
leading e_dge for the model are lower than that observed in the field, 
and (3) the model does not predict the large and intermittent concentra-
tions peaks at late times that were observed in the field. The first 
two differences may be explained by considering that diffusion of air 
across the perforated release plate into the cavity below occurs between 
model tests. This would result in low concentrations of model gas within 
the plenum being released at the start of each test. These lower concen-
trations would be entrained by the wind and swept downwind faster than 
the main plume's bulk, thus giving the appearance of a faster travelling 
plume with low concentrations at the leading edge. These arguments are 
reinforced by noting that in the model the first major peak (the plume 
actual leading edge) occurs at the same time as that observed in the 
field. The third major difference, that of high peaks observed at late 
times for the field case, may be do to gustiness and changes in wind 
direction and speed that are present in the atmosphere but not present 
in the wind ttmnel. 
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The above inconsistencies between model and proto~ype may not be of 
major importance for hazard evaluation since in the plume leading edge 
where the highest concentration occurs the model and prototype agree 
quite well. Similar agreement for model and prototype was observe~ for 
test locations (320', 0', 10'), (320', -80', 0'), (640', -100', 0') but 
for location (160', O', O') the agreement was poor. The field data 
observed a maximum peak of 47 percent while the model data observed a 
maximum peak of 17 percent. This inconsistency may be the result of 
bad field data, improper modeling of the ground and release geometry, 
or the large effective sampling area on the instantaneous concentration 
sampli~g probe. If the plume thickness was significantly less than the 
height of the effective sampling area of the probe the high concentrations 
at the ground level may be under estimated. 
3.2.2. Compatison of High and Low Dikes 
The existence of a bimodal plume distribution as cited by Neff, 
et al. (1976) for the High and Low Dikes is once again observed in the 
ground contour plots of concentration for the Representative Low and 
High Dikes (Figures 33 and 34). The characteristic-signature of this 
bimodal distribution disappears with a low wind speed for the High Dike, 
whereas it is still a very strong characteristic with Low Dike at a low 
wind speed. For the Low Dike, this bimodal distribution may be both a 
function of the aerodynamic flow pattern around the tank and the 
geometric layout of the square dike being placed at a 45° angle to the 
wind direction. As a result of uneven spreading of the plume from the 
Low Dike, the distances to the LFL (Table 6) are slightly greater than 
those observed for the High Dike under s i milar meteorological conditions 
and similar boiloff rates (Figures 13 and 16). By inspection of observed 
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hazard zone contours (Figure 36) this effect may be of greater impor tance 
than shown in Tabl e 6 as t he distance to LFL is still i ncreasing at the 
most lateral sample positi on tested for neutral flow. If the wind 
direction at the Low Dike was at 0°, this effect of bimodal spreading 
possibility would not be as pronounced, thus yielding a hazard zone 
distance similar to that of the High Dike. The effects of t he plume 
release at a more elevated plane and the increased aerodynamic t urbulence 
of the High Dike do not appear to r educe its hazard zone over that of 
the Low Dike. But it shoul d be clarified that for the boiloff rates 
considered, the volume of spi l t LNG is much greater f or the High Dike 
than for the Low Dike. The model ing of boiloff r ates for uti l ization of 
concrete and insulated concrete fl oors and walls in the High Dike were 
very effective in reducing the hazard zone--see Table 6. 
3.3 VISUALIZATION RESULTS 
Visual examination of gaseous plume outlines tagged with a smoke 
tracer or moisture provide qual i tative guidance concerning t he signifi-
cance of different parameters. Plume behavior has been recor ded photo-
graphically on black and white stil l s and 16 mm color f ilm where 
appropriate. Print copies and fi lm records have been for warded 
separately to R & D Associates. Only those black and white views which 
display a typical behavior pattern are included her ein s i nce report 
reproduction methods limit the quality of half-tone copies. 
3.3.1 Tank/Dike Heat Transfer Results 
Film recor ds of Runs 30 t o 42 listed in Table 3 document t he vi sual 
behavior of t ransient boiloff re l eases of cooled He-N2 f rom High and Low 
Dike LNG tanks. Releases from the precooled steel tank mode ls produced 
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dense plumes which rolled over the dike lips and moved downward with a 
shallow, wide cross-section. There was no evidence of plume liftoff . 
The appearance of the transient boilof f plume some moments after passing 
a given downwind station looked very similar to the st ructure and size 
of continuous release plumes of equivalent boiloff rate examined by 
Neff, et al. (1976). 
When a room-temperature steel model or a r oom-temperature plastic 
model was utilized under the same release conditions as above, no 
visible plume was obtained. Apparently the precooled He-N2 warms 
significantly inside the model/dike walls; since plume visualization 
depends upon moisture condensation, no visible plume appeared. This 
behavior confirms the earlier estimates that heat transfer time scales 
during laboratory release will be significantly less than the equivalent 
release and dispersion time scale. This effect is an apparently 
unavoidable result of different governing physics and scaling laws 
for dispersion versus conduction within the model. 
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3.3.2 Ground Slope Effects 
Table 11 summarizes the flow visualization tests . The picture 
numbers refer to the flow visualization photographs submitted separately 
to R & D Associates. Pictures 1 thr ough 24 illustrate the effects of 
ground plume geometry. Pictures IA through ·24A present the same con-
ditions on a flat (zero slope) surface. All pictures presenting a 
side-on view were taken first. The test r uns were then repeated for the 
overhead sequence. A comparison of t he side-on and overhead pictu~es 
taken under the same conditions indicates a l ack of repeatabil i ty of the 
basic shape of the plume (e.g., Pictures 3 and 4). Two caveats are 
in order, however. First the lighting conditions (and shadows ) make 
the overhead pictures difficult to interpret; secondly, permanent light-
colored blotches, unrelated to the presence of LNG vapor, appear in both 
sets of photographs. 
The sloped section of the wind tunnel floor begins about 7 feet 
upwind of the model and ends about 15 feet downwind. Thus, one would 
expect that for a range of wind speeds enough vapor would accumulate 
downstream (upslope) to overcome the wind pressures. The vapor should 
then begin to travel upwind. Since this phenomenon is an unstable one, 
it is not inconceivable that the transients associated with the s tart-
up process could influence the final s teady state condition. Also, 
random perturbations could conceivabl e cause the vapor motion to switch 
from an upwind to a downwind character . 
In addition to the lack of repeatability , a marked asymmetry in 
the vapor cloud was occasionally observed (e.g., Picture 8A, overhead). 
This type of asymmetry is almost certainly caused by a non-planar 
perturbation in the wind field , either associated with the vapor 
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injection (a Coanda attachment perhaps) or irregularities in the ramp 
construction. In either case, such asymmetries cou ld probably be 
removed in highly controlled experiments. Symmetric vapor clouds 
are illustrated in Pictures 9A through 12A. A comparison of these 
pictures, which were taken under flat terrain condit ions, with 
Pictures 9 through 12 (2 percent slope) indicates the effect of ground 
slope, which for the higher boiloff rates resulted in upwind travel of 
the vapor. 
The location of the upwind boundary of a dense plume on a rising 
slope is a result of the balance between gravity forces and the drag 
forces imposed on the cloud eddy by the approach wind. Since for a 
continuous release the total cloud excess weight continues to increase 
it is not surprising that for significant boiloff rates upstream flow 
eventually results. Thus the cloud behavior becomes a complicated 
function of Froude number, Reynolds, and time. A short finite release 
even at a large boiloff rate may not be expected to continue upwind 
spread as its cross-sectional (or frontal area) increases since this 
increases the drag by the approach wind. 
Figure 37 displays the typical behavior of a dense plume emitted 
from the 1/400 Representative High Dike Model at two prototype windspeeds. 
In the upper photograph although plume reflection from the side walls 
has occurred upwind motion is minimal. At the lower wind speed, however, 
the dense plume develops its own reverse circulation and reverse wake 
near the surface! Notice the circular wave produced by the dense spill 
at the base of the tank. Figure 38 displays the equivalent conditions 
as the previous figure but for a zero ground slope. 
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3.3.3 Upwind Tank Influence 
Pictures 25 through 36 from Table 11 show the effect of two 
upstream obstacles on the shape of the vapor cloud . A comparison of, 
for example, Pictures 21 through 24 with Pictures 25 through 28 seem to 
suggest that the presence of obstacles tends to lessen the effects of 
ground slope. In addition, they seem to discourage the formation of 
asymmetrical vapor clouds. The presence of one upstream obstac le does 
not appear to have as significant an influence on the vapor cloud as 
does the presence of two obstacles. 
The diluting influence of added wake turbulence is not unexpected. 
Earlier investigators have suggested effective increases in plume 
standard deviation weighted by obstacle size and upwind obstacle. One 
expects increases proportional to 
0 obstacle ~ a x (1 + CAf(~x)) 
WO obstacles 
where A = cross sectional area of obstacle 
f (~x) = decreasing function of separation distance 
C = constant of order one. 
3.3.4 Buoyant Plume Liftoff Behavior 
Whether or not a buoyant plume or puff can lift itself off the 
ground in the presence of a shear flow depends upon the buoyancy induced 
forces compared with the velocity induced pressures on the buoyant gas 
cloud. More than fifty-eight combinations of source configurations, and 
velocity, and plume flow rate were considered to evaluate the behavior 
of a buoyant gas versus a neutrally buoyant gas. Table 10 records the 
estimated distance to plume lift off for these cases. Thirty-four 
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cases of interest were recorded on black and white film. Typical lift 
off behavior is displayed in Figure 39. 
Since plume kinematics may be expected to be governed by buoyancy 
and inertial forces these results have been sealed by the relevant 
buoying length scale, \· Hence, 
x x 
~- ~~ 
p 03 a 
versus 
has been plotted in Figure 40. The data clearly show that for conditions 
to the right of the solid line a buoyant plume may be expected to remain 
near the ground surface; whereas for low windspeeds or high buoyant flow 
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Figure 3. Coordinates for Mean Concentration Measuring Locations 
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Figure 4. Coordinates for Instantaneous Concentration Measuring Locations 
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Figure 5. Representative High Dike and 
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Figure 6. High and Low Dike Models for Simulation with Helium-Nitrogen 
Gas Mixture 
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Figure 11. Flow Chart of Mean Concentr ation Samp ling System 
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Figure 13. High Dike Gas Release Rates for Model and Prototype for a Spill on Concrete 
Figure 14 . High Dike Gas Release Rates for Model and Prototype for a Spill on Insul ated 
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Figure 16. Capistrano 044 Gas Release Rates for Model and Prototype for Case I 
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Figure 23-la. Dimensionless Concentration Coefficient Versus Non-
Dimensional Downwind Distance 
oh verso 
102 






Model Gas M. W. 44 
Neutral Stratification 
High Dike 11200 
D 




Wind Speed (ft/s) 





10-2-------------_.__.__._...._....._.i...-_____ ..1-__ .....__,_--'-~~ ......... 
10° 101 102 
x 
H 
Figure 23-lb. Dimensionless Concentration Coefficient Versus Non-
Dimensional Downwind Distance 
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Figure 23-2. Dimensionless Concentration Coefficient Versus Non-
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Figure 23-3. Dimens ionless Concentration Coefficient Versus Non-
Dirnensional Downwind Distance 
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Figure 23-5. Dimensi onless Concentration Coefficient Versus Non-
Dimensional Downwind Distance 
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Figure 25. Comparison of Model Data (Case I) with Capistrano 044 Field Data for a Sample Location at 
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Figure 26. Comparison of Model Data (Case I) with Capistrano 044 Field Data for a Sample Location at 
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Figure 27a. Mean Concentration Decay with Height at Different 
Downwind Distances for Capistrano 044 Case I 
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Figure 27b. Mean Concentration Decay with Height at Different 
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Figure 28. Mean Concentration Decay with Height at Different Downwind Distances for High Dike , 
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Figure 32. Ground Contour Plots of Peak Concentration for Capistrano 
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Figure 35. Observed Lower Flammability Limit (LFL = 5%) 
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Figure 36. Observed Hazard Zone Contours 







Picture 20; U • = 23 ft/sec, m = 2400 lbm/s.ec 
Picture 16; U :::; 16 ft/sec, m = 2400 l bm/sec 
Figure 37 . High Dike on Sloping Ground Surface 
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Picture 20A; U = 23 ft/sec, ~ = 2400 lbm/sec 
Picture 16A; U = 23 ft/sec, m = 2400 lbm/sec 
Figure 38. High Dike on Flat (Zero Slope) Ground Surface 
Figure 39a. Line Source in a Shear Layer: Q = 2.25 cfm, U - 0.75 ft/sec 
Air 
Figure 39b. Line Source in a Shear Layer: Q = 2.25 cfm, U = 0.75 ft/sec 
Helium 
100.0 0 Line Source 
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T A B L E S 
Characteristic 
Tank Diameter D (ft) 
Height H (ft) 
Dike Diameter d (ft) 
Height h (ft) 
Boiloff m lbm 
Rates mx -sec 
~ cfm 




S.G.CH @ boiloff 
4 
Ap/pa 
Re0 = UHd/v 
u2 
Fr = __ H_ 
d Ap d g-
Pa 
Ri 8 = Ri B p m 
Times 
* at. 10 meters 










High Dike Low Dike Capistrano 
240 128 -
129 121 -
260 330 x 305 80 
80 21 -
2680 2513 202 
1.54 x 106 1.44 x 106 1.6 x io5 
100.0 231.6 20.2 
5.59 x 104 1.33 x 105 1.6 x 104 
7*, 16 7, 16 126 
25 25 0 
1.4 1.4 1.4 
0.4 0.4 0.4 
1.55 x 107 , 3.56 x 107 2.13 x 107 , 4.89 x 107 8.40 x 106 
0.030, 0.16 0.022, 0.12 0. 302 
0.67 0.67 0 
1, 200, 1000 I, 200, 1000 1, 200, 1000 
TABLE 2 
MODEL CONDITIONS 
u - ca e o e F 11 S 1 1/200 M d 1 u - ca e o e F 11 S 1 1/400 M d 1 c ap1strano 1/106 
Characteristic High Dike Low Dike High Dike Low Dike 
Tank Diameter D (in) 14.4 7.68 7.2 3.84 -
Height H (in) 7.74 7.26 3.87 3.63 -
Dike Diameter d (in) 15.6 19.8 x 18.3 7.8 9.9 x 9.15 9.1 
Height h (in) 4.8 1. 26 2.4 .63 -
Fr = Fr 0.03, 0.16 0.022, 0.12 0.03, 0.16 0.022, 0.12 0.302 m p 
S.G.CH @ boiloff 1.4 1.4 1.4 1.4 1.4 
4 
(fip/p a )m = ctip) 0.4 0.4 0.4 0.4 0.4 Pa. P .. 
U* H ft/sec 0.7, 1.6 0.7, 1.6 0.5, 1. 2 0.5, 1. 2 1. 7 
Re = UHd/v 5494 , 12535 7563, 17260 1935, 4643 2664, 6233 7637 Dm 
Ri 8 = 
(TH-T .14H) (H- .14H)g 0 0 0.67 0.67 0 
T(UH-U 
2 m .14H) 
tiT °F/ft 0 0 9 9 0 
Boiloff """' 
~ cfm 2. 72 2.55 0.48 0.45 1.0 Rates 
~in cfm 0.10 0.24 0.018 .042 0 .1 
Time 0 0.07, 14.1 0.07, 14.1 0.05, 10, 50 0.05, 10, 50 0.1, 19.4, 97.1 sec 
70.7 70.7 
1 ~ 6tiT 
u 8r 
[c-1 )~]2 *UHm = cL.s) UHp = tiT (~)2 (_.E.) tiT L.S. fiT m p u 8r p L.S. p p m 
u L 
~ 1 (-1-)~ t 
U L 
(-1-)~ (-1-)2 (-1-)2.5 0 (~)(~) (L.S.) LS"t :::; ~ = ~ Um ( L m) 2 .. ~ ~ t U L . . p L.S. p L.S . L.S. L.S. m com p p p 
90 
TABLE 3 
FILM LOG FOR FLOW VISUALIZATION 
Reel No. 1 - 2% Upwind Grade Tests Filmed in the Industrial Aerodynamics 
0 Wind Tunnel. Model Gas of co2 @ 22 C. 
RUN # SOURCE DESCRIPTION 
1 Area Source 
(Capistrano 044 












13 High Dike 



































































TABLE 3 (continued) 
FILM LOG FOR FLOW VISUALIZATION 
Reel No. 1 (continued) - 2% Upwind Grade Tests Filmed in the Industrial 
Aerodynamics Wind Tunnel. 
0 Model Gas of C02 @ 22 C. 
SIMULATED SIMULATED 
WIND SPEED BOILOFF RATE 
RUN # SOURCE DESCRIPTION (fps) (lb /sec) m 
25 High Dike 30 160 
(1/400 Scale Model 
with 2 Upstream · 
Obstacles) 
26 " 30 420 
27 " 30 1200 
28 " 30 2400 
29 " 23 160 
30 " 23 420 
31 " 23 1200 
32 " 23 2400 
33 " 16 160 
34 " 16 420 
35 " 16 1200 
36 " 16 2400 
37 High Dike 16 160 
(1/400 Scale Model 
with 1 Upstream 
Obstacle) 
38 " 16 420 
39 " 16 1200 
40 II 16 2400 
41 " 23 160 
42 " 23 420 
43 " 23 1200 
44 II 23 2400 
45 " 30 160 
46 " 30 420 
47 " 30 120ff 
48 " 30 1400 
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TABLE 3 (continued) 
FILM LOG FOR FLOW VISUALIZATION 
Reel No. 2 - Flat Grade Tests Filmed in the Industrial Aerodynamics 
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TABLE 3 (continued) 
FILM LOG FOR FLOW VISUALIZATION 
Reel No. 3 - Variable Boiloff Tests Filmed in the Meteorological Wind 
Tunnel. 
SIMULATED SIMULATED 
SIMULATION BOILOFF CHARAC- WIND SPEED 
RUN # SOURCE DESCRIPTION GAS TERISTIC OF: (fps) 
IV High Dike (1: 200) co2 @ 22°c. Soil 10 
IVA II II Concrete IO 
2V II II Soil 16 
3V II II Soil 23 
4V Low Dike (1: 200) II Soil 10 
4VA II " Concrete 10 
5V II " Soil 16 
6V II " Soil 23 
7V High Dike (1: 400) II Soil 10 
8V " " Soil 23 
9V Low Dike (1:400) II Soil 10 
lOV " II Soil 23 
llV High Dike (1: 400) 50% He - Soil 10 
50% N2 @ 
-160°C. 
12V " II Soil 23 
13V Low Dike (1: 400) II Soil 10 
14V II II Soil 23 
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TABLE 4 
SUMMARY OF CONCENTRATION TESTS 
RUN 
NO. K>DEL WIND SPEED STRATIFICATION BOILOFF RATE SURFACES 
(mph) (lbm/sec) K>DEL FLOOR 
1 High 1:400 7* Neutral 2400 Steel Al uminum 
2 High 1:400 1 Neutral 1400 Steel Aluminum 
3 High 1:400 16* Neutral 2400 Steel Aluminum 
4 High 1:400 16 Neutral 1400 Steel Aluminum 
5 Low 1:400 7 Neutral 2400 Steel Aluminum 
6R High 1:400 7 Stable 2400 Steel Aluminum 
7R High 1:400 7 Stable 1400 Steel Aluminum 
SR Low 1:400 7 Stable 2400 Steel Aluminum 
9 Capistrano 12'~ Neutral 202 Steel Aluminum 
10 Capistrano 12 Neutral 141 Steel Aluminum 
llR High 1:200 7 Neutral 1400 Steel Aluminum 
45 High 1:400 7 Neutral 2400 Cold Steel Aluminum 
46 High 1:400 16 Neutral 2400 Cold Steel Aluminum 
47 Low 1:400 7 Neutral 2400 Cold Steel Aluminum 
48 Low 1:400 16 Neutral 2400 Cold Steel Aluminum 
49 High 1:400 7 Neutral 2400 Cold Steel Styrofoam 
so High 1 :400 16 Neutral 2400 Cold Steel Styrofoam 
51 Low 1:400 7 Neutral 2400 Cold Steel Styrofoam 
52 Low 1:400 16 Neutral 2400 Cold Steel Styrofoam 
53 High 1:400 .7 Stable 2400 Cold Steel Aluminum 
54 Low 1:400 7 Stable 2400 Steel Aluminum 
''' Soil t 13 High 1:400 7 Neutral Steel Aluminum 
14 High 1:400 7 Neutral Concrete Steel Aluminum 
15 High 1:400 7 Neutral Insulated Con- Steel Aluminum crete 
16 High 1:400 16 Neutral Soil Steel Aluminum 
17 High 1:400 16 Neutral Concrete Steel Aluminum 
18 High 1:400 16 Neutral Insulated Con- Steel Aluminum crete 
19 Low 1:400 7 Neutral Soil Steel Aluminum 
20 High 1:400 7 Stable Soil Steel Aluminum 
22 Low 1:400 7 Stable Soil Steel Aluminum 
23 Capistrano 12 Neutral Case I Steel Aluminum 
24 Capistrano 12 Neutral Case II Steel Aluminum 
* at 10 meters 
6 at S feet 
t refer to Variable Boil off Curves, Figures 
Wind 
Di rec-
Model ti on 
High Dike 0 
1/400 Scale Model 
Steel Construction 
Low Dike 0 
1/400 Scale Model 
Steel Construction 
Capistrano 044 0 
High Dike 0 
1/200 Scale Model 
Styrofoam Construction 
* H = Height of tank L.D. 
H.D. 
TABLE Sa 
APPROXIMATE DISTANCE (FT) DOWNWIND TO THE LPL 
(Obtain by Simulation Gas Pure co2 of M.W. 44 @ 70°F) 
Surf ace Conti- STRATIFICATION 
Description nuous 
Alum1- lnsu- Boiloff Neutral 







































::;table cat. (_,. x 












Model ti on 
High Dike 0 
1/400 Scale tobdel 
Steel Constructio~ 
.. ow Dike 0 
1/400 Scale Model 
Steel Construction 
TABLE Sb 
APPROXIMATE DISTANCE (FT) DOWNWIND TO THE LFL 
(Obtain by Simulation Gas He-N2 of M.W. 16 @ -260°F) 
Surf ace Conti- STRATIFICATION 
Description nuous 
Alumi- lnsu- Boil off JJA11~r:l l 
num lated (lbm/sec) 10 ft/sec 16 ft/sec 23 ft/sec 10 ft/sec 
x 2400 900 
x 2400 1200 
x 2400 587 
x 2400 1210 
x 2400 -
x 2400 1590 
x 2400 1130 
x 2400 1710 
x 2400 1700 
x 2400 963 
* H = height of tank L.D . = 121 ft. 
H.D. = 129 ft . 
Stable Cat. G x 
16 ft/sec 23 ft/sec -ii * 
7.00 
9.00 










APPROXIMATE DISTANCES (FT) DOWNWIND TO THE LFL 
FOR A VARIABLE RELEASE OF co2 
K>DEL NEUTRAL 
7 mph 12 mph 16 mph 
High Soil -850 -700 
High Concrete -300 <300 
High Insulated Concrete <300 <300 
Low Soil 1000 
Capistrano Case I 700 







x y z 
450 -300 0 
liiO -ISO 0 
450 0 0 
450 lSO 0 
450 300 0 
1000 -400 0 
1000 -ZOO 0 
1000 0 0 
1000 -0 33 
1000 0 66 
1003 zoo 0 
10(10 400 0 
2000 0 0 
3500 0 0 
3S•>O 0 33 
3500 0 66 
















































.3 . 2 
.2 .2 







Low Soil - 1:400 
Wind Speed - 7 mph 
Stratification - Neutral 





8 . 6 7.6 
11.1 8.7 
4.6 S. l 
2.6 1.8 
3.6 4.0 
. 8 .8 
1.0 .8 
















































































































4 . 8 













































o · 0 
.7 0 
. 3 . l 
.s .4 
.4 .2 
.3 . 2 
.2 . 2 
TABLE 7-2 
PEAK CONCENTRATION DATA FOR VARIABLE BOILOFF 
Low Soil - 1:400 
Wind Speed - 7 mph 
Stratification - Stable 
Position (ft) Maximum Maximum Peak Occurs at Time (sec) 
x y z Peak 71 106 141 177 212 283 354 424 495 566 636 707 849 1061 1414 
450 -300 0 19.6 13.6 19.6 18.6 15.0 12 . 5 7.9 6.1 5.4 5.7 4.6 4.5 4.6 1.3 0 0 
45 0 -150 0 13.9 10 . 7 12.9 13.9 13.2 11.8 8.9 9.3 8.9 8.6 8.4 8.6 8.6 5 . 4 1.8 .7 
450 0 0 3.6 1.1 1.8 3.0 3.6 2.7 2.3 3.2 2.3 2.3 2.7 2.5 2.9 3 . 2 3.0 2.7 
450 150 0 8.9 5.0 8.2 8.9 7.9 6.4 5 . 7 5.0 5.4 5.7 5.0 5.0 5.0 2. 9 . . 4 0 
<!50 . 300 0 16.9 3.6 16.8 16.9 15 .4 10.7 7.1 5.7 . 5.0 4.3 3.9 3 . 6 3.6 1.1 0 0 
450 450 0 13. 2 0 7. 1 13.2 10 7.9 5 .0 3 . 9 2.9 1. 8 1.6 1.4 1. 1 0 0 0 
1000 -200 0 - .i.2 0 .4 2.3 3.6 4.2 3.4 2.7 1. 4 1.1 . 6 .7 .5 . 7 0 0 
1000 0 0 5.0 0 0 1. 2 3 . 9 ' 4.8 5 . 0 3.2 2.9 3 .2 2.2 2.1 2. 1 1.8 0 0 
, 1000 0 33 2.5 . 5 .3 1. 6 2.5 2.3 1.2 1. 6 1. 7 1.1 . 7 1.1 1.4 .5 .5 .7 
1000 0 66 1.9 .5 .5 . 7 .9 .9 1. 0 1. 1 1.2 1.3 1.3 1. 4 1.5 1.6 l. 9 0 
1000 200 0 3.6 0 0 1. 8 3.6 2.9 2.5 1. 3 .7 .9 .9 .9 .6 .7 .5 0 
'2000 0 0 2.3 . 1 .1 . l . 2 .3 1. 1 2.1 2.1 2 . 0 2 . 0 1.8 1.6 1.2 . 9 .4 
3500 0 0 I. 0 0 0 0 0 0 0 .2 . 4 .9 .9 .9 .9 .7 .3 .1 
TABLE 7-3 
PEAK CONCENTRATION DATA FOR VARIABLE BOILOFF 
High Soil - 1:400 
Wind Speed - 7 mph 
Stratification - Neutral 
Posl.tio!l (ft) Maximum Maximum Peak Occurs at Time (se.:) 
x y z Peak 71 106 141 177 212 283 354 424 495 566 
459 -450 0 8.3 0 8.0 8 . 3 7.2 6.3 5.2 4.4 3.6 3.1 3.5 
45() -30() 0 11. 5 6.8 11.S 10.8 7.8 7.5 6.2 5.3 4.8 4.4 3.8 
450 0 0 11. s . l 11. 5 11. 0 6.1 4.7 1.0 l. 1 I. 5 l. 7 2.2 
1000 -200 0 3 . 1 0 0 2.9 3.0 3 . 1 2.5 1.9 l.S 1.5 l. 2 
1000 0 0 3.7 0 0 .5 3 . 0 3 . 7 2.5 1. 7 1.4 1.0 .8 
1000 0 33 2.4 0 . 3 2.4 1. 2 1. 3 l. 8 1.0 .7 . 8 .s 
1000 0 66 . 6 .2 .5 .4 .6 • 2 .6 . l .4 .4 . l 
1000 200 0 4.1 0 0 2.8 4.1 3.7 2.8 1.8 . 7 . 7 .3 
2000 0 0 . 8 . l 0 .1 . 1 . 4 .7 .8 .6 .6 . s 
3500 0 0 .4 0 0 0 . 1 . 1 . 3 .4 . 4 .3 .3 
3500 0 33 .5 . 1 .1 . l 0 0 • 2 .4 .s .5 .4 
3500 0 66 .5 0 0 .1 0 .1 .1 .4 .5 .2 .3 
5000 0 0 .2 0 0 0 0 0 0 0 .1 .2 .2 
- .. 
636 707 849 
3.5 2.5 0 
3.4 2.8 0 
1.5 .7 0 
l. 1 .8 .6 
.6 .8 .6 
.3 .6 .4 
.1 .2 .3 
.s .3 .2 
.3 .2 .2 
• 2 .2 .1 
.3 .5 .2 
.2 .2 .1 

































PEAK CONCENTRATION DATA FOR VARIABLE BOILOFF 
High Soil - 1:400 
Wind Speed - 7 mph 
Stratification - Stable 
Positi\ln (ft) Maximum Maximum Peak Occurs at Time (sec) 
x y z Peak 71 106 141 177 212 283 354 424 495 566 636 707 849 1061 l.;1..i 
450 0 0 10.3 7.8 10.3 4.3 3.9 5.4 4.3 5 . 0 5.2 5.4 7.3 6.4 7 . 1 7.8 7.5 0 
450 150 0 11. 8 8.2 11. 8 11. 0 10.0 9.3 8.2 8.2 8.2 8.6 9.5 9.6 10.3 11. 1 8.9 7.1 
450 300 0 15.4 1.1 14.3 15.4 12. 1 10.7 7.9 5.4 3.9 3.9 3.2 2 .1 2 . 1 .7 0 0 
450 450 0 10.0 0 7.5 8.9 10.0 7.9 3.6 1.8 .5 .4 .4 0 0 0 0 0 
1000 -200 0 3.0 .2 .4 1.1 2.5 3.0 2.1 1. 2 0 0 0 0 0 0 0 .o 
1000 0 0 2.7 .9 . 5 .6 2.7 2.1 1. 2 .2 4.5 .9 .9 l. l 0 0 0 0 '"""' 0 
'"""' 1000 0 33 1.1 . 2 .5 .7 .6 . 4 .s .5 . 5 .5 . 7 .8 . 9 l. 1 0 0 
1000 200 0 2.9 . 4 .9 2.1 2.5 2.7 2.7 2 . 0 2.0 1. s 1.2 1.4 1.8 1. 8 0 0 
2000 0 0 1. 4 0 0 0 .1 0 .4 1.1 1.4 1.4 1.0 .8 .8 .4 . 1 0 
Position (ft) 
I Y Z 
.&iO -100 0 11.1 O· 
450 - ISO 0 11.1 0 
450 0 0 6.4 3.9 
.CiO 150 0 12 ... 0 
-150 300 0 12.4 0 
450 .aso o 10.9 0 
.aso 600 o 2.1 0 
10-:l.~ -2~ 0 2.1 0 
10~ 0 0 1.4 0 
1000 0 33 1.5 .1 
1000 0 66 I. 7 .2 
1000 200 0 2.2 0 
2000 0 0 .s .1 
iSOO 0 0 .3 0 
iiOO 0 33 .3 . l 
3500 0 66 ·" .J 
5000 0 0 .3 0 
TABLE 7-S 



















High Soil - 1:400 
Wind Speed - 16 mph @ 10 meters 
Stratification - Neutral 
Maxt.• Peak Occurs at Tille (sec) 
141 





























































































































































































































Position (ft) Maximum 
x y z Peak 71 
450 -150 0 3.3 0 
450 0 0 1. 9 0 
450 150 0 2 . 6 .1 
1000 -200 0 .9 0 
1000 0 0 .5 .1 
1000 0 33 .5 . l 
1000 0 66 .4 . 1 
1000 200 0 .8 0 
2000 0 0 .2 .1 
3500 0 0 .1 .1 
TABLE 7-6 
PEAK CONCENTRATION DATA FOR VARIABLE BOILOFF 
106 141 
.4 2.6 
. 7 l. 5 
.7 2.4 
. l .3 
.1 . l 
. 1 . 2 
.1 . 2 
.1 .2 
.1 .1 
. 1 .1 
High Concrete - 1:400 
Wind Speed - 7 mph 
Stratification - Neutral 
Maximum Peak Occurs 
177 212 283 354 424 
3.0 3.3 2.2 2.0 l.R 
1. 5 1.6 1.8 l. 5 1.4 
2.6 2.6 1. 5 1.5 1. 5 
.4 .6 . 8 . 9 .7 
. 1 . 2 . 5 . 5 .4 
.3 .3 .4 .4 .4 
.3 .4 .3 .4 .4 
.4 .6 .6 .3 .3 
. 1 . 1 .·1 . 1 . 2 
.1 . 1 .1 .1 .1 
at Time (sec) 
495 566 
l. 9 2. l 
.9 .8 
l. 7 1. 2 
.6 .4 





. 1 . 1 
636 707 849 1061 1414 
l. 1 .9 1. 2 . 7 0 
l. 2 l. 3 .6 .4 .., ... 
I. '1 l. 4 l. 2 .6 0 
.5 .:) .3 . l .1 
. 3 .2 . 2 • 2 . 1 
.3 .3 .3 .2 .2 ~ 0 
v..i 
.3 .3 . 2 .2 . 2 
. 4 .4 .3 .2 .1 
.., .1 .2 .2 .1 ... 
.1 .1 .1 .1 0 
TABLE 7-7 
PEAK CONCENTRATION DATA FOR VARIABLE BOILOFF 
High Concrete 
Wind Speed - 16 mph 
Stratification - Neutral 
Position (ft) Maximum Maximum Peak Occurs at Time (sec) 
x y Peak 71 106 141 177 212 283 354 424 495 566 636 707 849 1061 1414 
450 0 0 1. 1 0 .5 1.1 1.0 1.1 1.0 .9 . 7 .5 .6 .5 .5 .5 .2 .1 
1000 -2(10 0 .6 0 0 .3 .4 .5 . 5 .6 .3 .4 . 4 .3 .2 .2 .2 0 
1000 0 0 .6 0 .1 .2 . 5 .6 . 5 . 5 .s .4 .3 .3 .2 .2 .1 0 
lOCO 0 33 • 4 . 1 .1 . 2 .3 .4 .3 .4 .4 .3 . 3 .3 .3 .2 .1 0 
1000 0 66 . 4 0 . 1 .3 .2 . 2 .3 . 3 . 2 .3 . 3 .4 .2 . 2 . 2 0 
lOHU 200 0 . s 0 0 . 2 . 4 . 5 .4 .4 . 4 .4 .4 .4 .3 .2 .2 0 ...... 0 
.i::. :ooo 0 ·O .2 0 0 0 .1 . 1 . 2 .1 . 1 .1 . 1 • 1 .1 .1 .1 0 
TABLE 7-8 
PEAK CONCENTRATION DATA FOR VARIABLE BOILOFF 
High Insulated Concrete - 1:400 
Wind Speed - 7 mph 
Stratification - Neutral 
Position (ft) Maximum Maximum Peak Occurs at Ti me (sec ) 
x y z Peak 71 106 141 177 212 283 354 424 495 566 636 707 849 1061 1414 
450 0 0 . 5 0 0 0 .I .J .3 .3 .2 .3 . 4 ..1 . 4 .3 . 4 0 
1000 -200 0 . 2 0 () . l .1 0 . l . 1 . l . 2 . l . 1 .1 . l . l 0 
1000 0 0 .3 0 0 . 2 . l . 2 . 2 .., . 3 .2 . 3 .1 .2 . 2 .1 0 • L 
1<100 0 33 .3 0 . 1 .1 . 1 .1 . 2 .2 .1 . 1 .3 . 2 ") . s . l 0 





PEAK CONCENTRATION DATA FOR VARIABLE BOILOFF 
High Insulated Concrete - 1:400 
Wind Speed - 16 mph 
Stratification - Neutral 
PosiHon (ft) Maxi.llaC! NaJCillUll Peak Occurs at Time (sec) 
x y z Pea;. 71 106 141 177 212 283 354 424 495 566 636 707 849 1061 1414 
450 0 0 .5 0 0 0 .2 .3 . 3 .3 .s .4 .5 .3 . 3 0 0 0 
1000 -200 0 .2 0 . 1 .1 .1 .1 .1 .1 .1 .1 .2 .1 0 0 0 0 
1000 0 0 .3 .1 .1 .1 .1 .1 .1 .1 .2 .3 .2 .2 .2 0 0 0 





PEAK CONCENTRATION DATA FOR VARIABLE BOILOFF 
Capistrano Case I 
Wind Speed - 12 mph @ 5 ft. 
Stratification - Neutral 
Position (ft) Maximum Maximum Peak that occurs at time (sec) 
x y z Peak 51 77 103 129 154 206 257 309 360 412 463 515 
160 0 0 16.9 14.1 16.9 16.5 11. 8 9.3 7.1 4.9 3.8 3.0 3.0 3.4 3.0 
320 -80 0 9.9 6.2 9.0 9.0 10.0 5.4 1.8 0.8 0.5 0.2 0.6 0.1 0.4 
320 0 0 9.9 7.5 8.8 9.9 6.9 4.3 3.2 2.3 2.1 1. 7 1.9 1. 7 1.5 
320 0 10 4.7 3.9 4.7 2.4 3.8 3.0 2.4 2.3 1.5 1.1 1.2 1. 6 1.4 
...... 
320 80 0 9.2 5.4 9.2 8.3 6.7 3.4 1.0 0.4 0 0 0 0 0 0 -.....J 
640 -100 0 4.7 0.6 3.8 4.7 3.9 3.6 0.3 0.2 0.2 0.2 0.1 0.2 0 
640 0 0 5.3 1.3 4.1 4.7 5.2 4.1 2.8 1.3 1.1 0.8 0 . 6 0 . 6 0.6 
640 0 20 2.0 0.8 1.1 2.0 1.0 0.9 1.1 0.5 0.5 0.6 0.5 0.7 0.3 
640 100 0 4.1 1. 2 3.6 4.1 3.9 2.9 0.7 0.3 0 0 0 0 0 
960 -80 0 3.1 0.2 1.4 2.3 3.1 2.6 1.6 0.8 0.6 0.4 0.3 0.5 0.4 
960 0 0 3.0 0.2 1.5 2 . 8 2.8 2.6 1.5 1.3 0.8 0.6 0.6 0.5 0.5 
960 0 20 1. 9 0.1 0.8 1.6 1.9 1.5 0.8 0.6 0.4 0.4 0.5 0.5 0.3 
960 80 0 2.4 0.2 1.4 1. 7 2.1 2.4 1.2 0.9 0.5 0.6 0.4 0.3 0.2 
TABLE 7-11 
PEAK CONCENTRATION DATA FOR VARIABLE BOILOFF 
Capistrano Case II 
Wind Speed - 12 mph @ 5 ft. 
Stratification - Neutral 
Position (ft) Maximum Maximum Peak that occurs at time (sec) 
x y z Peak 51 77 103 129 154 206 257 309 360 412 463 515 
160 0 0 13.7 13.7 10.3 7.8 8.0 6.6 6.0 5.8 3.4 4.0 3.6 3.4 2.3 
320 -80 0 4.8 2.3 4.8 4.0 1. 7 0.8 2.1 0.3 0.9 1.3 0.7 0.1 0.2 
320 0 0 6.6 6.6 6.1 4.7 6.0 4.0 3.8 2.5 2.2 2.2 1.6 1.5 1.0 
320 0 10 3.4 3.2 2.4 3.0 3.4 2.2 2.8 3.0 2.2 1.2 2.3 1.9 1.1 
...... 
320 80 0 4.9 3.2 4.9 3.0 2.4 2.8 0.1 0.1 0.1 0.1 0.1 0.1 0 0 00 
640 -100 0 1.4 0.4 1.4 1.2 1.2 1.0 0.5 0.8 0.4 0.3 0.6 0.1 0.3 
640 0 0 2.7 1.1 2.7 2.7 2.7 1.9 1.6 1.3 1.4 1.0 1.0 0.9 0. 7 
640 0 20 1.1 0.7 0.7 0.9 0.8 0.6 1.1 0.6 0.5 0.7 0.7 0.6 0.8 
640 100 0 2.2 0.2 0.6 2.2 1. 7 1.1 1.0 1.0 0.2 0 0.3 0 . 3 0 
960 -80 0 2.1 0 1.1 1. 7 2.1 1.5 0.5 1.0 0.6 0.6 0.4 0 . 4 0.8 
960 0 0 1. 7 0 1.1 1.6 1. 7 1. 7 1.5 1.0 0.9 0.6 0.5 0.6 0.5 
960 0 20 1.0 0 0.9 0.9 0.9 0.9 0.9 1.0 0.7 0.5 0.5 0.4 0.4 
960 80 0 1.8 0 0.4 1.8 1.6 1. 7 1.0 0.7 0.7 0.2 0.1 0.3 0 . 3 
TABLE 8 
LOCATOR TABLE MEAN CONCENTRATION RESULTS 
C02 Release MW44 He-N2 Release MW16 
Wind SEeed Wind SEeed 
Boiloff Rate 7 mph 12 mph 16 mph 7 mph 16 mph 
Model (lbm/ sec) (10 ft/ sec) (18 ft/sec) (23 ft/sec) (10 ft/sec) (23 ft/sec) 
High Dike 2400 1,6,9 3 17,21,25 18,22 
1/400 1400 2,7,10 4 
High Dike 1400 14 
1/200 250 15 16 
....... 
Low Dike 2400 5,8,11 19,23,26 20,24 0 ID 
1/400 
Capistrano 202 12 
044 
1/106 141 13 
Table 8-1 
8' --/ 
RUN NUMRER ONE 
DIKE TYPE HIGH 
SCALE 1 TO 400 
STRATIFICATION 
WIND SPfEO 








































400 .. ouuoo 
~oo.ouoou -o.ouooo 
-800.00(Ji) (j 

















-0.00000 -o.uuooo -o.oouoo 
-u.00000 -o.uouoo -o.oouoo 
33.00000 
l 0 0. uou 00 
200.00000 
-0.00000 















• 2~ 710 
.06505 
.16228 





































RUN NUMBER TWO 
DIKE TYPE HIGH 
SCALE l/400 
STRATIFICATION NEUTRAL 
WIND SPEED 1 MPH 
BOIL OFF RATE 1400 LB/S 
X<FT> Y<FT> l(FT> UILLUTION K COEF .)( 10-2 
450.80000 -600.00000 -o.oooou ~.6'1026 2.21413 
450.00000 -300.00000 -0.00000 ~.~.H45 2.08343 
450.00000 -0.00000 -0.00000 ~.~°1865 1.87537 
450.80000 300.00000 -0.00000 4.~1004 3.76122 
450.00000 600.0000() -0.00000 c.l.JHHl 2.45153 
1000.6000() -k00.00000 -0.00000 ~.OolSl 1.69666 
1000.00000 -400.00000 -0.00000 ~.80694 2.31016 
1000.00000 -0.00000 -0.00000 ~.39533 1.97140 1--' ........ 
1000.00000 -0.00000 33.00000 .63871 .5~567 ........ 
1000.00000 -0.00000 66.00000 .1-,524 .14423 
1000.00000 400.00000 -0.00000 0.00000 0.00000 
1000.00000 800.000UO -0.00000 .14932 .12289 
2000.QOOOO -0.00000 -0.00000 .l34SY .11489 
3500.00000 -A00.00000 -0.00000 .6bl39 .54434 
3500.00000 -400.00000 -0.00000 .12663 .10422 
3500.00000 -0.00000 -o.oooou .1'114~ .15757 
3500.f>OOOO -0.00000 33.00000 .~368~ .19491 
3500.aoooo -0.00000 100.00000 .4UH60 .33628 
3500.00000 -0.00000 t.>00.00000 .233~6 .19224 
3500.80000 400.00000 -0.00000 .11001 .58435 
3500.00000 000.00000 -0.00000 .~ti037 .477b5 
5000.80000 -0.00000 -0.00000 • 4t_> 156 .34695 
6500.10000 -0.00000 -0.00000 .34702 .28560 
-0.00000 -0.00000 -0.00000 0.00000 0.00000 -o.eoooo -0.00000 -0.00000 0.00000 0.00000 
Table 8-3 
QUN NUMqfR THREE 











































-0.00000 -o.ooou o 
400.000U tJ 
800.0 0 00 0 
-u. OOO tJ {J 
- 800.00 0 00 
-4 () 0.0 0iJ UG 
-0. 00000 














-0.00000 -o.oovoo -o.uovoo 
33.0000{) 
66.00000 
- 0 .00000 
- 0 .0000 0 
- 0.0 000 0 
- 0.00 0 00 
- 0. 0000 0 























u .0000 0 
. 71 00 1 








































RUN NUMBER FOUR 































































































































RUN NU~8ER F!Vf 
DIKE TYPE LOW 
SCALE l/400 
STRATIFICJ'.TION NFUft.<AL 
WIND SPEED 7 ~PH 
ROIL OFF RATE 2400 LR/S 
XCFT> y <FT> Z CF T> lJILLUTlON K COEF x 10-2 
450.00000 -600.00~)0 0 -u.oouoo b.'t!.8717 3.0E:W32 450.00000 -300.0000() -0.00000 4.7.J~U9 l.31821 450.00000 -0.00000 -u.00000 c.U09t>5 .98451 450.00000 300.00000 -0.00000 lJ.3~074 6.52572 450.00000 600.00000 -0.00000 in.7c79'+ ~.25553 1000. GOOi>O -H00.00000 -o.uouoo ~ •. HS4 7 2.60400 1000.90000 - 4i.O 0 • 0 0 0 0 0 -0.00000 h.449d~ 3.1~971 1000.00000 -0.0000 0 -o.oouoo 4.34317 ~.1~768 
"""'" 1000.00000 -0.00000 33.00000 c.00965 .98451 
"""'" 1000.00000 -0.00000 66.00000 .4cl~6 .20652 ~1000.00000 400.000 0(1 -0.00000 1.~4760 .90512 1000.00000 800.000 UO -o.ouooo c.YB19~ 1.46083 200 0.eoooo -0.0000 0 -0.00000 .O\jf46 .04774 3500.0000 0 -800.00 0U(J -0.00000 l.6c073 .79398 3500.0000 0 -400.0 0000 -0.00000 .0034 7 .00110 3500.00000 -0.0 0000 -0.00000 1.5~S9 1 .76223 3500.00000 -0.0000 0 33.00000 l.1b699 .57 170 3500.00000 -0.00000 iuo.uoooo • l"f80' .381 17 3500.00000 -0.0000 0 200.oouoo • ~'t!. 710 .11125 3500.00000 400.00000 -0.00000 1.~8832 .7781 0 3500.00000 H00.00000 -0.00000 1.3~904 .65109 5000.90000 -0.00000 -o.uoooo 1.'t!.Jl8l .6034~ 6500.00000 -0.00000 -o.oouoo J..OJ735 .50819 -0.00000 -0.0000\J -0.00000 o.ouooo 0.00000 -0.00000 -0.00000 -0.00000 0.00000 0.00000 
Table 8-6 
RUN NU~BER srxq 




ROIL OFF RATF 








































































200.00000 -o.ouuoo -o.oooou 




















































RUN NUMAER SEVENR 







































































































.19840 o.ouooo u.ououu 
. :3 f2UO 
.3~240 
0.00000 o.ouoou 


























RUN NU~~fR EIGHT~ 
























































-0.00000 -o.oouoo -o.oooou 
-0.00000 













































.~1040 u.ooouo u.00000 



























f /ease t () 
RUN NUM8fR SIX 














































































































































?/ease refe r' -j-o .e/"l"'aT.:::t on l/eY'So &' ./- +;-t-1~ ;O~)e. , 
RUN NUMREQ SEVEN 








































































































• ~c 11 o 
.12987 
.1~469 
































f let'l ~ e. 
RUN NUMRER EIGHT 














100,() . 00000 
1000.00000 
1 00 0.00 00 0 
1 00 0 . 90000 
200 0 . 000 00 
3 5 0 0 .0 0 00 0 
3 5 00.00000 
350 0 .000 00 
3500 . 0000 0 





















- 0 .00000 
400 .0000 0 
800. 000 00 
- 0 .000 00 
-80 0 .00 000 
-40 0 .0 0 0 00 
- 0 .00 000 
- 0 .000 00 
- 0. 0 0 0 00 
















- 0 .00000 
3 3 .00000 
66 . 00 000 
-0.0 0 000 
-0.00000 
- 0 .00000 
- 0.0 0000 
- 0 .00000 
- 0 .0 0 000 
33 .00000 
100.00 00 0 
























. ~~95 1 
























. 127 13 












RUN ~UMRER NINE 
OIKE TYPE CAPISTRANO 
SCALE l/106 
STRATIFICATION NEU.TR AL 
WINO SPEED 12 MPH 
BOIL OFF RAH'. 202 Lt:i/S 
X <FT> y <FT> Z<FT> lJILLUTlON K COEF x 10-2 
160.00000 -0.00000 -0.00000 1.9U44k .48~~0 
320.00000 -10.00000 -0.00000 e8696b .c2307 
320.00000 -0.00000 -0.00000 '=>. -,-, 42 0 1.48108 
~20.90000 -0.00000 11.00000 c.Y1409 .76285 
20.00000 78.00000 -0.00000 i.H~2J9 .98814 
640.00000 -102.00000 -0.00000 1.9'=>666 .50188 
640.00000 -0.00000 -0.00000 J.1~671 .80970 
640.00000 -0.00000 20.00000 c.4J41:;4 .6245b lo-' 
640.90000 102.00000 -0.00000 l.YJ927 .49742 N 
960.00000 -78.00000 -0.00000 .0~224 .01340 lo-' 
960.00000 -0.00000 -0.00000 .UJ484 .OOti94 
960.00000 20.00000 -0.00000 .00006 .00002 
960.00000 78.00000 -0.00000 .86966 .22307 
-0.00000 -0.00000 -0.00000 .16~28 .04240 
-0.00000 -0.00000 -0.00000 o.uoooo 0.00000 
-0.00000 -0.00000 -0.00000 u.00000 0.0000 0 
-0.00000 -0.00000 -0.00000 u.ouooo 0.00000 
-0.90000 -0.00000 -0.00000 0.00000 0.00000 
-0.00000 -0.00000 -0.00000 o.ooouo 0.00000 
-0.00000 -0.00000 -0.00000 0.00000 0.00000 
-0.00000 -0.00000 -0.00000 0.00000 0.00000 
-0.00000 -0.00000 -o.ouooo u.ouooo 0.00000 -o.aouoo -0.00000 -o.uoooo u.00000 0.00000 -o.eoooo -0.00000 -0.00000 IJ.OUOOU 0.00000 
-0.00000 -0.00000 -0.00000 o.ouooo 0.00000 
Table 8-13 
RUN NU~R.ER TEN 
DIKE TYPE CAPISTRANO 
SCALE 11106 
STRATIFICATION "'EUTRAL WINO SPEED 12 MPH 
BOIL OFF R~TF 141 Ld/S 
X<FT > y <F T> LC FT> UlLLUT I ON K COEF x 10-2 
' 
160.00000 -0.00000 -0.00000 3.000H~ 1.09935 320.00000 -78.00000 -0.00000 .4~573 .18165 320.00000 -0.00000 -0.00000 'f..otH20 1.71753 320.00000 -0.00000 11.00000 l.6~621 .59589 320.00000 78.00000 -0.00000 l.1~663 .42382 640.00000 -102.00000 -0.00000 .1c1~3 .26450 640.00000 -0.00000 -0.00000 c.400lb .tH949 640.00000 -0.0000 0 co.00000 .10531 .28043 
6.~o. oo ooo 102.00000 -0.00000 • -f b!:d l .28043 ....... N 960.00000 -78.00000 - o.oouoo .6U8l8 .22307 N 9 60. 90000 - 0.0 000 0 - 0.0 0 0 0 0 .~4.,9 1 .20011 96 0.GO OO O 2 0. 0 0 000 - 0 . 00000 u . 0 000 0 0 .000 00 9 60.00000 78.00000 -0 . 000 0 0 . 43 4 ~6 .15935 -0.10000 -0.00000 - 0.0 0 000 . 16 5 2 8 .Ob05b -0.00000 -0 .0 0000 - 0 .00 0 0 0 0 . 00 00 0 0.00000 -0.00000 -0.00000 -0 . 00000 u. ouooo 0.00000 -0.00 0 00 -0 . 00000 -0.00000 0 . 0 000 0 0.0 0000 - 0 .0000 0 -0.00 0 0 0 -0 . 0 000 0 0.0000 0 0.00 000 -0.00000 -0.00000 - 0 .00000 0.00000 0.0000 0 -0.00000 -0.00000 -0.00000 0.00000 0.00000 -0.00000 -0.00000 -0.00000 o.ouooo 0.00000 -0.00000 -0.00000 -0.00000 u.00000 0.00000 -o.eoooo -0.00000 -0.00000 0.00000 0.00000 -0.00000 -0.00000 -0.00000 0.00000 0.00000 -0.90000 -0.00000 -0.00000 0.00000 0.00000 
Table 8-14 
RUN ~U~AER ELEVENR 
DIKE TYPE HIGH 
SCALE l/200 
STRATIFICATION NEUTRAL 
WIND SPEEO 1 f, MPH 
BOIL OFF RATE 1'400 LBM/S 
X<FT> y <FT> ZCFT> lJILLUTlON K COEF x 10-2 
450.00000 -434.00000 -0.00000 l~.l456(J 20.74"136 
450.00000 -211.00000 -0.00000 l~.14560 20.74~36 
450.00000 -0.00000 -0.00000 ~1.H4880 23.67900 
450.00000 217.00000 -0.00000 lt.u:Hoo lb.4647~ 
450.00000 434.00000 -0.00000 lH. /'i8'+0 20.3l308 
1000.90000 -434.00000 -0.00000 11.4~lh0 9.1920~ 
lOoo.00000 -217.000iJO ~o.uuooo 11.L:b~O l~ . 06796 
1000.80000 -0.00000 -0.00000 lU.~1760 11.07349 >--' 
1000.00000 -o.oooou 16.UOO!>O lO.OJ.920 10.8~848 N ~ 
1000.90000 -0.00000 33.00000 8.70480 9.43397 
1000.0000 0 217.00000 -0.00000 7.76240 B.41263 
1000.00000 434.00000 -0.00000 ~.1~840 ~.~9050 
2000.00000 -0.00000 -0.00000 ~.30720 ~.7~177 
3500.00QOO -533.00000 -0.00000 ~.~7920 2.7952~ 
3500.00000 -267.00000 -0 . 00000 c.7£800 ~.9~652 
3500.90000 -0.00000 -0.00000 3.0~560 3.27904 
3500.90000 -o.oooou 16.00000 3."16800 4.30039 
3500.90000 -0.00000 50.00000 J.91840 4.24663 
3500.10000 -0.00000 100.00000 4.04240 4.38102 
3500.10000 267.00000 -0.00000 t!. .1~760 2.33834 
3500.80000 533.00000 -0.00000 .34720 .37628 
5000.80000 -0.00000 -0.00000 ~.~U4d0 2.714b2 
6500.00000 -0.00000 -0.00000 1.66lb0 1.80079 
-0.90000 -0.00000 -0.00000 0.00000 0.00000 
-0.00000 -0.00000 -0.00000 0.00000 0.00000 
Table s~1s 
RUN NUMRER ELEVEN 




BOIL OFF R~TE 
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K COEF X 10-2 



























RUN NUMRfR TWELVE 
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RUN NUMRf R FOPTYFIVf 
DIKE TYPE HIGH 
SCALE l/400 
STRATIFICATION NEUTt<AL 
WINO SPf ED 7 MPH 
BOIL 6FF RATE 2400 l8M/S 
X <FT> y (FT> l<FT> UlLLUTION K COEF x 10-2 
450.10000 -b00.00000 -0.00000 0.00000 0.00000 
450.00000 -300.00000 -0.00000 0.00000 u.00000 
450.00000 -0.00000 -0.00000 lJ.06340 6.39965 
450.10000 300.00000 -0.00000 .30380 .14883 
450.00000 600.00000 -0.00000 0.00000 0.00000 
1000.10000 -aoo.00000 -0.00000 0.00000 0.00000 
1000.80000 -400.0000 0 -0.00000 0.00000 0.00000 
1000.GOOOO -0.0000 0 -0.00000 .1~190 .07441 ....... N 1000.00000 -0.0000 0 33.00000 J.3 .. 180 1.63712 °' 1000 . 1000 0 -0.00000 66.00000 .Of595 .0372 1 
1000.00000 400.00000 -0.00000 .1~190 .07441 
1000.10'100 800.00000 -0.00000 ~.~u~ss 1.07901 
2000.10000 -0.00 000 -0.00000 3.03800 1.48829 
3500.800 00 -A0 0.00 000 -0.0000 0 .~1646 .25301 
3500.eoooo -400.0 0 0 00 -0.00000 0.00000 0.00000 
3500.80000 -0.0 0000 -0.00000 0.00000 0.00000 
3500.00000 -0.0 0000 33.00000 0.00000 0.00000 
3500.80100 -0.00000 1-00.00000 0.00000 0 . 00000 
3500.80000 - 0.00000 200.00000 0.00000 0.00000 
3500.10000 400.00000 -0.00000 0.00000 0.00000 
3500.eoeoo 800.00000 -0.00000 0.00000 0 ··1) 0 0 0 0 
5000.10000 -0.00000 -0.00000 0.00000 0.00000 
6500.10000 -0.00000 -0.00000 0.00000 o. 0000 
-0.10000 -0.00000 -0.00000 0.00000 0.00000 
-0.00000 -0.00000 -0.00000 0.00000 0.00000 
Table 8-18 
RUN NUMBf R FOPTYXIX 
DIKE TYPE HIGH 
SCALE l/400 
STRATIFICATION NEUTRAL 
WINO SPf EO 16 ~PH 
BOIL 6FF RATE 2400 LAM/S 
X <FT> y (FT> L<FT> UILLUTlON K COEF x 10-2 
450.00000 -600.00000 -0.00000 u.00000 0.00000 
450.80000 -300.00000 -0.00000 .9~659 1.04137 
450.00000 -0.00000 -0.00000 1 0.63300 11.95009 
450.80000 300.00000 -0.00000 l.q/470 c.21930 
450.90000 600.00000 -0. 0 0000 u . 0 0 0 00 0 .00000 
1000.90000 -800.00000 - 0 . 0000 0 .1~1 90 .170 7 2 
1000. 00 00 0 -4ou. o ooo o - o.oouoo . f'l ~ 317 . 73 408 ......... 
1000.0 0000 - 0 .0 0000 -0.00000 ~.b'J625 6 . 40184 N 
1 000.90000 -0.00000 33.00000 1.~'J495 1.79 251 
-......] 
ro·o o • e o 0 o o -0.00000 66.00000 0.00000 0 . 00000 
1000 . 00&00 400.0000 0 -0.00000 ~ . 69 6 c5 b.40184 
1-0 0 0 • G 0 0 0 0 800.00000 -0.00000 4.708~0 ~.2921 8 
2000. aoooo -o.oooou -0.00000 c. . i:'.'..:i2 9 3 2.50952 
3500.00000 - 000.00000 -0 . 00000 0. 00000 0 . 00000 
3500.crnaoo -400 . 000 0 0 - 0. 00000 .44051 .495 08 
3500.00000 - 0 .00 0 0 0 - 0. 00000 1.16963 1.314~ 1 
. 3500.00000 - 0 .00000 3 3.00000 . 9~659 1.04137 
3500.90000 - 0.00000 100.00000 . ~ f 342 .30729 
3500.80000 - 0.00000 200.00000 1.41267 1.58766 
3500.00000 400.00000 -0.00000 l.i:'.11520 1.36573 
3500.90000 000.0000 0 -0.00000 .69874 .78529 
5000.00000 -0.00000 -0.00000 .91cl6 1.09258 
6500.00000 -0.00000 -0.00000 .~.,722 .64tH2 
-0.10000 -0.00000 -0.00000 0.00000 0.00000 -o.eoooo -0.00000 -0.00000 0.00000 0.00000 
Table 8-19 
RUN NUMRf R FOkTYSEVE"I 
DIKE TYPE LOW 
SCALE l/400 
STRATIFICATION NEUTRAL 
WINO SPEED 7MPh 
·soIL OFF RATE 2400 LHM/S 
X <FT> y <FT> ZCFT> UILLUTION t( COEF x 10-2 
450.80000 -600.00000 -0.00000 ll.bYb30 ~.72992 
450.00000 -300.00000 -0.00000 10.13173 4.96345 
450.10'100 -0.00000 -0.00000 4.02535 l.97198 
450.90000 300.00000 -0.00000 21.03815 10.30641 
450.00000 600.00000 -0.00000 Y.11400 tt-.46487 
1000.eoooo -soo.00000 -0.00000 c..70382 1.32458 
1000.10000 -400.00000 -0.00000 6.0000~ 2.93937 ~ 
1000.GOOO O -0.00000 - 0 .00000 c..4304 0 1 . 19063 N 00 1000.1000 0 -0.00000 33 . 00000 10.63300 ~.~ 090. 2 
1000.00000 -0.00000 66 .00000 t!. OY6 22 1.02692 
1 00 0 .G>OOO O 400 .00000 - 0. 00 0 0 0 .~3545 .40928 
lO OQ. 1 000 0 8 0 0. 0 00 00 - 0. 0 0000 .~3165 .26045 
2000.00000 - o.o oouo - 0.00000 1. 13 9~5 .55811 
35 00.00000 - ao o.000 00 - o.oouoo .~Ul27 .24557 
3 5 00.90000 - 400.00000 - 0 .00000 • 'Hl 4 0 .44649 
35 00 .8 0 0 00 -0.000 0 0 - 0.00000 . 68355 .33487 
3500.1000 0 -0 .00 0 00 33 .00 0 00 .~164 6 . 25301 
3500.80000 -0.00000 1 00 .00000 .440~1 .2158 0 
3500.90000 -0.00000 200.00000 .3~494 .19348 
3500.10000 400.00000 -0.00000 48Y1.1MOOO ~396.14716 
3500.80000 800.00000 -0.00000 .30380 .14883 
5000.10000 -0.00000 -0.00000 .42532 .~0836 
6500.10900 -0.00000 -0.00000 .lf.j747 .09674 
-0.10000 -0.00000 -0.00000 0.00000 0.00000 
-0.00000 -0.00000 -0.00000 u.00000 0.00000 
Table 8-20 
RUN ~U~AfR FORTYEIGHT 































































































. 805 07 




























• ., l 701 
.63165 
0.00000 
0 .0000 0 
Table 8-21 
RUN NU~BfR FORTYNINE 
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RUN NU~8ER FIFTY 



































































































































RUN NUM~f R FIFTYONE 
DIKE TYPE LOW INSFLR 
SCALE l/400 
STR ATIFICATION NEU THAL 
WINO SPfEO 7 ~PH 
BOI L OFF RATE 2400 LBM/S 
x <FT> Y<FT> l <FT> OILLUTION ~ COEF x 10-2 
450.00000 -600.00000 -0.00000 1.74690 3.79514 
450.80000 -300.00000 -0.00000 4.07092 1.99431 
450.80900 -0.00000 -0.00000 b.71474 3.31889 
450.80000 300.00000 -0.00000 l~.44H23 7.56796 
450.90000 600.00000 -0.00000 .~4684 .26789 
1000.00000 -eoo.00000 -0.00000 ~.08103 1.01948 
1000.80000 -400.00000 -0.00000 ~.7038~ 1.32458 ....... 1000.00000 -0.00000 -0.00000 · J.08357 1.51061 ~ 
1000.10000 -0.00000 33.000(\0 b.7139b 3.28912 N 
1000.80000 -0.00000 66.00000 u.00000 0.00000 
1000.eoooo 400.00000 -0.00000 .f~912 .35719 
1000.GOOOO 800.00000 -0.00000 .H354~ .40928 
2000.00000 -0.00000 -0.00000 .24304 .11906 
3500.90000 -soo.00000 -0.00000 .JU3b0 .14883 
3500.GOOOO -400.00000 -0.00000 .3U3AO .14883 
3500.00000 -0.00000 -0.00000 .2~823 .12650 
3500.80000 -0.00000 33.00000 .b~317 .31998 
3500.00000 -0.00000 100.00000 • 1~11.JO .07441 3500.00000 -0.00000 200.00000 .44051 .21580 
3500.00000 400.00000 -0.00000 .cl785 .lllb2 
3500.00000 800.00000 -0.00000 .318Y9 .1~627 sooo.00000 -0.00000 -0.00000 .34937 .17115 6500.00000 -0.00000 -0.00000 .33418 ' .163 71 
-0.10000 -0.00000 - 0 .00000 0.00000 0.00000 -o.eoooo -0.00000 -0.00000 0.00000 0.00000 
Table 8-24 
quN NUMAf:R FIFTYTwO 
DIKE TYµF LOW INF LR 
5>CALE l/400 
STRATIFICATION NEUTRAL 
WINO SPEED 16 MPH 
BOIL OFF PATE 2400 L8M/S 
X<FT> y (FT> l (FT) OILLUTIO"J K COEF x 10-2 
450.00000 -600.00000 -0.00000 1.1:,444 1.29744 
450.00000 -300.000U O -0 . 00000 l1 .~Ul34 10.00394 
450.00000 -0.00000 -o.uoooo 1. ~ f470 ~ .21930 
450.00000 300.00 0 0 0 - 0 . 00 0 00 lM . 16 724 20 .417~9 
45 0 . 00 000 600 .0 0000 -0 . 00000 l. 7'-JC. 4 2 2 . 01 444 
1000.00000 - 800.00000 -o.uouoo 1.cl':>l'.'.O 1.36':>73 ~ 1000.00000 - 4 0 l) • 0 0 0 0 (J -o.uouoo b.~UlJc 7.30663 <.N 
1000.00000 -0.00000 -0.00000 1.06330 l.lY50l <.N 
1000.00000 -0.00000 33.00000 ~.l U 384 :,.73605 
1000.00000 -0.00000 bb.00000 1.0Y36H l.22Yl5 1000.00000 400.00000 -0.00000 .Yf216 l.09258 
1000.00000 800.00000 -0.00000 .66ti36 • '~ 115 2 00 0 . 00000 -0.000CJO -u.00000 1.U.j t.' 92 1.16087 
3 50 0 . ao oo o -800.00000 -o.uouoo .~13'+~ .30129 350 0 . 0 0000 -400 . 00000 -0.00000 .8tsl02 . ~ 90 1 5 
3500.00000 -0.00 0 0 0 -0.00000 .8~0 2 6 .921 8 6 
3500.00000 -0.00000 33.0000 0 .8ts 1U 2 . 9 9 0 15 
3500.90000 -0.00000 1 00.0 0 lJOO .L. 1:,44 4 1.29744 3500.00000 - 0 .00000 200.00000 . 7 ~912 .81944 
3500.GOQOO 4 0 0. 0 0 00 0 -0.00000 .~46t14 .ol458 
3500.00000 800.000 0 0 -0.00000 u.uoooo u.00000 sooo.oooou -0.00000 -o.uouoo .60160 .68286 6500.60000 -0.000 0 0 -0.00000 .66836 .7~11~ -0.00000 -0.00 0 00 -0.00000 0.00000 0.00000 
-0.00000 -0.00000 -0.00000 u.ouovo u.00000 
Table 8-25 
RUN NU~8fR FIFTYTH~EE 
DIKE TYPE HIGH 
SCALE G STMAT 
STRATIFICATION 
WINO SPfED 
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TABLE 9- 1 
TAPED DATA Hl '. COHD OF ASPIRATTNC PIWBE RESPONSE 
FOR VARIABLE BOILOFP SIMULATION WJTll co2 GAS 
POSITION TAPE CHANNELS TIME CODE 
NO. CONC. TIME CODE DAY START 
·~ 
Wind Speed -.67 ft/s 
neutral I l 14 1 10" 
II I I 14 2 10" 
" I I 14 3 15" 
" I l 14 4 1 S" 
" I I 14 5 1 ()" 
" l 1 1.-1 6 J 5 II 
" 3 l lt1 7 10" 
" :~ I 1'1 8 } ()'I 
" :~ I 14 9 10'' 
" ~) I 14 10 I 0" 
" 3 1 14 11 J 0" 
" 3 1 14 L. J ()" 
" 5 l 14 13 l 0" 
II s 1 14 14 1 0" 
" 5 1 14 1 r: ~') 10" 
" s 1 14 16 l 0" 
II s J 14 l 7 10'' 
II 6 l r4 J8 l 0" 
II 6 .l l tl 19 LO" 
" h l 14 ::! O I 0" 
" ( llO good) 4 I 14 2 1 I 0" 




2 '2 5" 
1 '45" 
} I 2{)" 
1'25" 
l I 2 211 
} I 20 11 
} I 20" 
1'20" 
l I 20 11 
1 ' 20" 
.} I 2011 
l ' ... ()" 
j I -0" 
J ' 20" 
] ' .... ()" 
I' 20" 
I I ~ ()" 
I I '"! ()" 
I ' 'O" 






TAPED DATA RECO,RD pF.,. ASPIRATING PROBE RESPONSE 
FOR VARIABLE BOILOFF SIMULATION 'WITH C0 2 'GAS 
POSITION TAPE CHANNELS TIME CODE 
NO. CONC. TIME CODE DAY START 
Wind Speed -.67 ft/s 
neutral 4 1 14 23 ID" 
,, 
' 4 1 14 24 10" 
II 2 1 14 25 10" 
II 2 1 14 26 10" 
II 2 1 14 27 10" 
II 7 1 14 28 10" 
II 7 1 14 29 10" 
II 7 1 14 30 10" 
II 8 1 14 31 10" 
"' 
II 8 1 14 32 10" 
II 8 2 13 33 10" 
II 8 2 13 34 1011 
II 9 2 13 35 10" 
II 9 2 13 36 10" 
II 10 2 13 37 10" 
II 10 2 13 38 1011 
II 10 2 13 39 1011 
II 10 2 13 40 1011 
II 10 2 13 41 1011 
II • 11 2 13 42 1011 
II 11 2 13 43 1011 



























TAPED DATA RECORD OF ASPIRATING PROBE RESPONSE 
FOR VARIABLE BOILOFF SIMULATION WITH co2 GAS 
Kl DEL ING POSITION TAPI CHANNELS TIME CODE 
INFORMATION NO. CONC. TIME CODE DAY START 
Low-Soil 1:400 
Wind Speed -.67 ft/s 
neutral B 2 13 45 10" 
" B 2 13 46 10" 
" B 2 13 47 10" 
" B 2 13 48 10" 
" A 2 13 49 10" 
" A 2 13 so 10" 
" A 2 13 51 10" 
" A 2 13 S2 10" 
" c 2 13 53 10" 
" c 2 13 SS 10" 
" c 2 13 S6 10" 
" D 2 13 57 10" 
" D 2 13 58 10" 
" D 2 13 S9 10" 
" B 2 13 60 15" 
" (out of tape) B 2 13 61 9" 
" B 3 12 62 10" 
" B 3 12 63 10" 
" F 3 12 64 10" 
" F 3 12 65 10" 
tt F 3 12 66 10" 
STOP 























TAPED DATA RECORD OF ASPIRATING PROBE RESPONSE 
FOR VARIABLE BOILOFF SIMULATION WITH co2 GAS 
MODELING POSITION TAPE CHANNELS TIME CODE 
INFORMATION NO. CONC. TIME CODE DAY START 
High-Soil 1:400 
Wind Speed -.67 ft/s 
neutral 1 3 12 67 1011 
II 1 3 12 68 1011 
II 1 3 12 69 10' 
II 3 3 12 70 1011 
II 3 3 12 71 1011 
II 3 3 12 72 10" 
II 3 3 12 73 1011 
II 5 3 12 74 1011 
II 5 3 12 75 1011 
II 5 3 12 76 11 11 
II 6 3 12 77 10" 
II 6 3 12 78 10" 
II 6 3 12 79 1011 
II 6 3 12 80 1011 
II 2 3 12 81 1011 
II 2 3 12 82 1011 
II 2 3 12 83 1011 
II 4 3 12 84 10 11 
II 4 3 12 85 10" 
" 4 3 12 86 1011 
" (signal jumped) 7 3 12 87 10" 


























TAPED DATA RECORD OF ASPIRAT ING PROBE RESPONSE 
FOR VARIABLE BOILOFF SIMULATION WITH co2 GAS 
MODELING POSITION TAPE CHANNELS TIME CODE 
INFORMATION NO. CONC. TIME CODE DAY START 
High-Soil 1:400 
Wind Speed -.67 ft/s 
neutral 7 3 12 89 10" 
" 7 3 12 · 90 10" 
" 8 3 12 91 10" 
" 8 3 12 92 10" 
" (no good) 9 3 12 93 10" 
" 9 4 11 94 10" 
" 9 4 11 95 10" 
" 10 4 11 96- 10" 
" 10 4 11 97 . 10" 
" 10 4 11 98 10" 
" 11 4 11 99 10" 
" 11 4 11 100 10" 
" 11 4 11 101 10" 
" 11 4 11 102 10" 
" A 4 11 103 10" 
" A 4 11 104 10" 
" a. 4 11 105 15" 
High-Concrete 1:400 
Wind speed .67 ft/s 
neutral 1 4 11 106 10" 
" 1 4 11 107 10" 
" 1 4 11 108 13" 



























TAPED DATA RECORD OF ASPIRATING PROBE RESPONSE 
FOR VARIABLE BOILOFF SIMULATION WITH co2 GAS 
POSITION TAPE CHANNELS TIME CODE 
NO. CONC. TIME CODE DAY START STOP 
High-Concrete 1:400 
Wind speed .67 ft/s 
neutral 
(background) 3 4 11 110 10" 2'04" 
" 3 4 11 120 10" 1'45" 
" 3 4 11 112 11" 2'00" 
" 3 4 11 113 10" 1'50" 
" 3 4 11 114 10" 1'50" 
" 5 4 11 115 10" 1'40" 
" 5 4 11 116 10" 1'41" 
" 5 4 11 117 10" 2'00" 
" 5 4 11 118 10" 1'40" 
" 6 4 11 119 10" 1'40" 
" (end of tape) 6 4 11 120 10" 1'58" 
" 6 5 10 121 10" 1'41" 
" (no x-y plot) 2 5 10 122 10" 1'35" 
" 2 5 10 123 10" I (1' 35")) 
" 2 5 10 124 10" 1'50" 
" 2 5 10 125 10" 1'45" 
" 4 5 10 126 10" 1'50" 
" 4 5 10 127 10" 1'30" 
" 4 5 10 128 10" 1'30" 
" 7 5 10 129 10" 1'40" 
II 7 5 10 130 10" 1'50" 
142 
TABLE 9- 7 
TAPED DATA RECORD OF ASPIRATING PROBE RESPONSE 
FOR VARIABLE BOILOFF SIMULATION WITH co2 GAS 
MODELING POSITION TAPE CHANNELS TIME CODE 
INFORMATION NO. CONC. TIME CODE DAY START 
" 8 5 10 131 10" 
" B 5 10 132 10" 
" B 5 10 133 10" 
" (time code off by 
40 sec) B 5 10 134 10" 
" B 5 10 135 10" 
" c 5 10 136 10" 
" c 5 10 137 10" 
High - R&D Concrete* 
1:400 
Wind speed .67 ft/sec 
neutral 1 5 10 138 10" 
" 1 5 10 139 10" 
" 1 5 10 140 10" 
" 3 5 10 141 10" 
" 3 5 10 142 10" 
" 3 5 10 143 10" 
" 5 5 10 144 5" 
" 5 5 10 145 5" 
" 5 5 10 146 5" 
II 2 5 10 147 7" 
" (background) 2 5 10 148 5" 
II 4 5 10 149 5" 
II 4 5 10 150 5" 

























TAPED DATA RECORD OF ASPIRAT ING PROBE RESPONSE 
FOR VARIABLE BOILOFF SIMULATION WITH co2 GAS 
MODELING POSITION TAPE CHANNELS TIME CODE 
INFORMATION NO. CONC. TIME CODE DAY START 
High - R&D Concrete* 
1 :400 
Wind speed .67 ft/sec 
neutral 
(not recorded) 2 5 10 152 
High - R&D Concrete* 
1:400 
Wind speed 1.16 ft/sec 
neut ral 3 6 9 153 5" . 
(maybe 4) 
" 2 6 9 155 5" 
II 4 6 9 156. 5" 
" 1 ·6 9 157 6" 
" 1 6 9 158 511 
High - Concrete 1:400 
Wind speed 1.16 ft/ sec 
neutral 1 6 9 159 5" 
II 1 6 9 160 511 
II 1 6 9 161 511 
" 3 6 9 162 611 
II 3 6 9 163 5" 
II 3 6 9 164 511 
II 5 6 9 165 5" 
II 5 6 9 166 611 
II 6 6 9 167 5" 
II (motor off valve ope n) 6 6 9 168 5" 
II 6 6 9 169 5" 





















TAPED DATA RECORD OF ASPIRATI NG PROBE RESPONSE 
FOR VARIABLE BOILOFF SIMULATION WI TH co2 GAS 
MODELING POSITION TAPE CHANNELS TIME CODE 
INFORMATION NO. CONC. TIME CODE DAY START 
High - Concrete 1:400 
Wind speed 1.16 ft/se• 
neutral 4 6 9 171 10" 
" 4 6 9 172 5" 
" 2 6 9 173 15" 
" 2 6 9 174 10" 
It 7 6 9 175 15" 
High - Soil 1:400 
Wind speed 1.16 ft/ se< 
neutral 7 6 9 176 . 10" 
" 7 6 9 177 10" 
II 7 6 9 178 10" 
II 7 6 9 179 10" 
" 8 6 9 180 10" 
It 9 6 9 181 10" 
It 9 6 9 182 10" 
It 10 6 9 183 10" 
It 11 6 9 184 10" 
" 11 6 9 185 10" 
" 11 6 9 186 10" 
It 3 6 9 187 10" 
,, 3 6 9 188 10" 
" 5 6 9 189 10" 
" 5 6 9 190 10" 
























TABLE 9- 10 
TAPED DATA RECORD OF ASPIRATING PROBE RESPONSE 
FOR VARIABLE BOILOFF SIMULAT ION WITH co2 GAS 
MODELING POS ITION TAPE CHANNELS TIME CODE 
INFORMATION NO. CONC. TIME CODE DAY · START 
High - Soil 1:400 
Wind speed 1.16 ft/ sec 
neutral 
(ran out of tape) 5 6 9 192 10 11 
II 5 7 8 193 10" 
II 5 7 8 194 1011 
" 6 7 8 195 10" 
" 6 7 8 196 10" 
" 6 7 8 197 10" 
" 4 7 8 198 10" 
" 4 7 8 199 10" 
II 2 7 8 200 10" 
II 2 7 8 201 10" 
II 1 7 8 202 10" 
II 1 7 8 203 10" 
II 1 7 8 204 10" 
" B 7 8 205 20" 
II B 7 8 206 2011 
II A 7 8 207 20 11 
II A 7 8 208 2011 
II c 7 8 209 20 11 
II c 7 8 210 20 11 
II D 7 8 211 2011 
II f) 7 
' 
8 212 2011 























1 1 1011 
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TABLE 9-11 
TAPED DATA RECORD OF ASPIRATING PROBE RESPONSE 
FOR VARIABLE BOILOFF SIMU LATION WITH co2 GAS 
MODELING POSITION TAPE CHANNELS TIME CODE 
INFORMATION NO. CONC. TIME CODE DAY START 
Capistrano - Case I 
Wind speed 2.45 ft/sec 
neutral 1 7 8 21 4 3011 
II 1 7 8 21 5 2011 
" (motor off, value 
open continuous) 2 7 8 216 20" 
" (no 217) 2 7 8 218 20" 
" 2 7 8 219 20" 
" 2 7 8 220 20" 
II 3 7 8 221 20" 
" 3 7 8 222 22" . 
" 4 7 8 223 20" 
" 4 7 8 224 20" 
II 4 7 8 225 2011 
" 5 7 8 226 20" 
II 5 7 8 227 2011 
" 5 7 8 228 1611 
" 6 7 8 229 20" 
" 6 7 8 230 23" 
II 6 7 8 231 20" 
Low - Soil 1:400 
Wind speed - .67 ft/S€ C 
stable B 1 2 lB 35" 
" 1 1 2 2 2011 





























" (16° C) 
" (17° C) 
·" (12° C) 
" 
II (100 C) 
II (100 C) 
If (13° C) 
II 
" (13° C) 
II (110 C) 
" (11 o C) 
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TABLE 9-12 
TAPED DATA RECORD OF ASPIRATING PROBE RESPONSE 
FOR VARIABLE BOILOFF SIMULATION WITH co2 GAS 
POSITION TAPE CHANNELS TIME CODE 
NO. CONC. TIME CODE DAY START 
1:400 
- . 67 ft/s~ c 
(3) 1 2 4 32" 
3 1 2 5 20 11 
5 1 2 6 30" 
6 1 2 7 20" 
4 1 2 8 20 11 
2 1 2 9 20" 
7 1 2 10 40" 
7 1 2 11 20" 
8 1 2 12 201.1 . 
' 
9 1 2 13 20 11 
A 1 2 14 40 11 
c 1 2 15 20" 
!::. 1 2 16 20 11 
!::. 1 2 17 20" 
High - Soil 1 :400 
Wind speed .67 ft/sec 
stab lg 
II (11 C) !::. 1 2 18 20" 
" (11° C) !::. 1 2 19 20" 
" (12° C) c 1 2 20 20" 
" (14° C) 1 1 2 21 20" 
" ( 130 C) 3 1 2 22 20" 
" '(130 C) 3 1 2 23 20" 

























TAPED DATA RECORD OF ASPIRATING PROBE RESPONSE 
FOR VARIABLE BOILOFF SIMULATION WITH co2 GAS 
MODELING POSITION TAPE CHANNELS TIME CODE 
INFORMATION NO. CONC. TIME CODE DAY START 
High - Soil 1:400 
Wind speed .67 ft/sec 
stable 
" (17° C) 5 1 2 25 25" 
" (17° C). 4 1 2 26 25" 
" (13° C) 2 1 2 27 20" 
" (11° C) 7 1 2 28 25" 











APPROXIMATE DISTANCES TO LIFTOFF FOR GROUND RELEASED 
BUOYANT PLUMES IN A CROSSFLOW BOUNDARY LAYER 
Line Source: y = 4 feet, x
0
= 40 feet from tunne l entrance 
?'I 1r" tJ. IS 
Flow Rate (cfm) 
Velocity 0.75 cfm 1. 5 cfm · 2.25 cfm 
(ft/sec) (10) (20) (30) 
0.55 3 1. 5-2 1. 5 
0.75 9 6 2-3 
1. 5 x > 15 7 6 
2.5 x > 15 x > 11 x > 11 
Area Source: 9 inch diameter, x (ft) 
Flow Rate (cfm) 
Velocity 0.75 cfm 1 . 5 cfm 2.25 cfm 
(ft/sec) 
0.52 0 0 0 
0.75 0 0 0 
1. so 0 0 0 
2.50 1. 5 1 0.5 
4.00 x > 15 x > 15 8 
Po i nt Source: x (ft) 
Flow Rate (cfm) 
Velocity 0 . 75 cfm 1. 5 cfm 2.25 cfm 
(ft/sec) 
2.50 0 0 0 
4.00 ? 1. 5 1..5 





















t . SOURCE I ~ DESCRIPTION • 
' 11 Area Source 
(Capistrano 044 



























TABLE U -1 
IDENTIFICATION CHART FOR 
CONTINUOUS FLOW VISUALIZATION EXPERIMENTS 
PURE co2 TRACER 
TERRAIN PICTURE* SIMULATED WIND SPEED DESCRIPTION NUMBER · (fps) 
2% Grade 1 23 
Upwind 
II 2 23 
II 3 23 
II . 4 23 
II 5 16 
II 6 '16 
II 7 '16 
II 8 16 
II 9 30 
II 10 30 
II 11 30 
II 12 30 
II 13 16 
II 14 16 
II 15 16 
II 16 16 
II 17 23 
II 18 23 
II 19 23 
II 20 23 
II 21 30 
II 22 30 
II 23 30 
II 24 30 
,.:.-,r 





























TABLE 11-2 (continued) 
IDENTIFICATION CHART FOR 
CONTINUOUS FLOW VISUALIZATION EXPERIMENTS 
PURE co2 TRACER 
SOURCE TERRAIN PICTURE* SIMULATED SIMULATED 
DESCRIPTION DESCRIPTION NUMBER WIND SPEED BOILOFF RATE (fps) ( 1 bm/sec) 
Area Source Flat Surface 1-A 16 160 
(Capistrano 044 
1/106 Scale Model) 
II II 2-A 16 420 
II II 3-A 16 1200 
II II 4-A 16 2400 
II II 5-A 23 160 
II II 6-A 23 420 
II II 7-A 23 1200 
II II 8-A 23 2400 
II II 9-A 30 160 
II II 10-A 30 420 
II II 11-A 30 1200 
II II 12-A 30 . . 2400 
High Dike 
(1/400 Scale Model) 
II 13-A 30 160 
II II 14-A 30 420 
II II 15-A 30 1200 
II II 16-A 30 2400 
II II 17-A 23 160 
II II 18-A 23 420 
II II 19-A 23 1200 
II II 20-A 23 2400 
II II 21-A 16 160 
II II 22-A 16 420 
II II 23-A 16 1200 
II II 24-A 16 2400 
*Photographs provided separately to R&D Associates 
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TABLE 11 -3 (continued) 
IDENTIFICATION CHART FOR 
CONTINUOUS FLOW VISUALIZATION EXPERIMENTS 
PURE co2 TRACER 
SOURCE TERRAIN PICTURE * SIMULATED SIMULATED wnm SPEED BOILOFF RATE DESCRIPTION DESCRIPTION NUMBER (fps) (lb /sec) m 
High Dike 2% Grade 25 30 160 
·( 1/ 400 Sea 1 e Mode 1 Upwind 
with 2 Upstream 
Obstacles) 
II II 26 30 420 
II II 27 30 1200 
II II 28 30 2400 
II n 29 23 160 
II II 30 23 420 
II II 31 23 1200 
II II 32 23 2400 
II II 33 16 160 
II II 34 16 420 
II II .. ·35· 16 1200 
II II 36 16 2400 
High Dike II 37 16 160 
(1/400 Scale Model 
with 1 U)stream 
Obstacle 
II II 38 16 420 
II II 39 16 1200 
II II 40 16 2400 
II II ' 41 23 160 
II II 42 23 420 
II II 43 23 1200 
II II 44 23 2400 
II II 45 30 160 
II II 46 30 ' 420 
II II 47 30 1200 
II II 48 30 1400 
*Photographs provided separately to R&D Associates 
